
Bacground 

STATEMENT OF BASIS 
Remedial Rule Authorization 

Change In Operations 
Former Building 1211 site 

Area 169 
Fort Carson, Colorado 
EPA # CO 50000-08668 

The site was once used for 8 dispenser pumps and underground storage tanks Following the 
discovery of contamination consisting of DCE, benzene, 1 ,2 dichloroethane and other 
associated volatile petroleum hydrocarbons, the tanks and contaminated soil were removed and 
the excavation was backfilled with coarse material, The former tank basin was excavated to 14 
feet below ground surface (bgs). The US Army has contracted with Shaw Environmental, Inc. 
to complete the decontamination of the groundwater in accordance with an accepted Corrective 
Action Plan. The EPA Class V Program authorized injection of 11.8% sodium persulfate on 
November 18,2009. On July 18, 2012, Shaw Environmental applied for a Change In 
Operations to inject more sodium persulfate activated with sodium hydroxide into 25 new 
direct push injection wells. That application was approved on August 30, 2012. Due to low 
permeability, the treatment was not completely successful. The target aquifer did not accept 
the calculated quantity of injectate required for decontamination. Consequently, Shaw applied 
for a second Change In Operations proposing to inject a pure food carbon source and selected 
bacterial amendments to further degrade the chlorinated hydrocarbons that are still present as 
well as more sodium persulfate and hydrogen peroxide using larger diameter and closer spaced 
wells. 

The decontamination work at this specific site continues to be conducted under the supervision 
by the Hazardous Materials and Waste Management Division of the Colorado Department of 
Public Health and Environment. 

Location 

The location within the Fort Carson military reservation is shown on the Google map attached 
hereto. Building 1211 is on the northeast corner for the Chiles A venue and Evans Street 
intersection. For convenience sake, the building has been colored red. The figures included with 
the application show the location of the former tank basin and the proposed injection sites. The 
contamination has also been detected south of Evans Street which is the reason for the proposed 
bioremediation wells in that area. See Figure 5. 



Geology & Hydrology 

The alluvium at this site consists of fine grained silt and clay and extends from the surface to the 

top of the Pierre Shale whose weathered surface occurs at between 3 and 14 feet bgs. The site 

also includes excavation fill which is composed of coarse sand and gravel. As previously stated, 

the shallow groundwater occurs between 4.6 to 13.7 feet bgs and moves northeasterly as shown 

on Figure 4. The movement of contaminants south of Evans Street suggests a southerly 

component to ground water flow as well. 

Proposed Program 

Shaw Environmental proposes to inject at the 20 new locations in the tank basin area, and south 

of Evans Street as shown on Figure 2, using 4 inch wells with packers instead of direct push 

methods. The injectate will again be sodium persulfate activated with sodium hydroxide. The 

new wells will be closer spaced than the previous wells. As before, the pesulfate will be diluted 

with potable water to about 11.8% by weight. The Change In Operations request includes the 

injection of vegetable oil and sodium lactate with selected bacteria to be injected into eleven 4 

inch wells located south of Evans Street as shown on Figure 5. Injection depth will be in the 

saturated zone between 11 and 16 feet bgs. 

Other Water Users 

The Department of the Army owns all of the surrounding area. The only nearby wells are 

monitoring wells or wells not used for domestic purposes. Therefore, the proposed remedial 

activities will not affect any other shallow groundwater users. 

Recommendation 

This remedial work is being performed under the supervision of the Colorado Department of 

Public Health and Environment, Division of Hazardous Materials and Waste Management. 

Since the work can be performed without further endangering human health or groundwater, a 

rule authorization to proceed as proposed is recommended. 



Summary 

STATEMENT OF BASIS 
Remedial Rule Authorization 

Change In Operations 
Former Building 1211 site 

Area 169 
Fort Carson, Colorado 
EPA # CO 50000-08668 

(correction) 

The Rule Authorization for this site dated January 7, 2013 contained an error. The letter 

authorized injections of sodium persulfate and hydrogen peroxide. The intended injectate should 

have been sodium persulfate and sodium peroxide. The letter attached makes corrects the error. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 8 

Ref: 8P-W-GW 

Carlos Rivero-deAguilar 
- Fort Carson Department of the Army 

1628 Elwell Street, Bldg 6236 
Fort Carson, CO 80913-4356 

Dear Carlos Rivero-deAguilar: 

1595 WYNKOOP STREET 
DENVER, CO 80202-1129 

http://www.epa.gov/region8 

NOV 1 8 2009 

RE: CLASS V UIC PROGRAM 
Rule Authorization: Aquifer Remediation Well 
Fort Carson Former Bldg 1211 
Buiilding 1203 
Fort Carson, CO 
EPA File #C050000 - 08668 

The U.S. Environmental Protection Agency ' s (EPA's) Underground Injection Control 
(UIC) Program staff has reviewed the application that was submitted by you or on your behalf for 
the Class V aquifer remediation injection well(s) at the above referenced location. Based on our 
understanding of the proposed program and limited potential for groundwater contamination, we 
have determined that a permit is not necessary at this time. Therefore, your aquifer remediation 
injection well(s) is currently "authorized by rule" in accordance with Title 40 Code of Federal 
Regulations (40 CFR) Sections 144.24 and 144.84(a). This authorization is based on information 

. provided in your application and is valid for: 

injections of a 12% sodium persulfate and sodium hydroxide mixed with potable water 
into 12 direct push injection wells, 

and is limited to the location(s) indicated in the application that we received on October 21, 2009. 

All injection wells are regulated under the UIC Program in accordance with 40 CFR Parts 
144 and 146, which have been promulgated under Part C ofthe Safe Drinking Water Act, 42 
United States Code Sections 1421 through 1428. Your Class V injection well(s) is subject to 
periodic compliance inspections, which may include sampling and analysis of your fluids . 
Finally, be aware that under 40 CFR Sections144.12(c), (d), and (e), the EPA can require you to 
apply for a permit or close your injection well(s) under certain circumstances. 

UIC Class V File J. ~ ....: ' Printed on Recycled Paper 

UIC PERMIT-& U) #: 

Invent. Inspect. Monit. EPA Operator 
Form Rep. Reports Corres. . Corres. 

. r. . ' . '• 



Please notify us if the potential for groundwater contamination increases. If you intend to 

change the proposed plan, please notify us in advance. Any changes in operating methods or any 

other conditions that may adversely impact groundwater MUST be approved in advance by the 

EPA. Failure to comply with the above requirements will result in violations ofUIC regulations 

and possible enforcement actions and penalties. 

Please be advised that this rule authorization pertains solely to the UIC Program and does 

NOT relieve you from satisfying any other federal , state, or local regulations that may apply . 

Please complete and return the self-addressed, stamped postcard included with this 

letter. Please contact Howard Urband at 1-800-227-8917, extension 312-6135 or (303) 312-

6135, if you have any questions or need more information. More information on the EPA 

Region 8 Class V program can also be found online at: 

http://www.epa.gov/region8/water/uic/r8cvprog.html. 

Steven J. Pratt, PE, CAPM (inactive) 

Director, Groundwater Program 

Enclosure: Self-addressed, Stamped Postcard (please return with signature and date) 

cc: Ms. Deb Anderson 
Colorado Department of Public Health and Environment 

Hazardous Materials and Waste Management Division 

4300 Cherry Creek Drive South 

Denver, CO 80246-1530 

! r---· ----------· ·- ~-lt. •' Printed on Recycled Paper 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 8 

Ref: 8P-W-UIC 

Carlos Rivero-deAguilar 

Fort Carson Department of the Army 

1595 WYNKOOP STREET 
DENVER, CO 80202-1129 

http://www.epa.gov/region8 

AUS 3 0 2012 

1626 Evans Street, Building 1219, Room 231 

Fort Carson, CO 80913-4356 

Dear Carlos Rivero-deAguilar: 

RE: CLASS V UIC PROGRAM 

Rule Authorization: Aquifer Remediation Well 

Change in Operations 

Fort Carson Former Bldg 1211 

Chiles A venue and Evans Street 

Fort Carson, CO 

EPA File #C050000 - 08668 

The U.S. Environmental Protection Agency ' s (EPA's) Underground Injection Control 

(UIC) Program staff has reviewed the application that was submitted by you or on your behalf for 

the Class V aquifer remediation injection well(s) at the above referenced location. Based on our 

understanding of the proposed program and limited potential for groundwater contamination, we 

have determined that a permit is not necessary at this time. Therefore, the change(s) proposed is 

currently "authorized by rule" in accordance with Title 40 Code of Federal Regulations (40 CFR) 

Sections 144.24 and 144.84(a). This authorization is based on information provided in your 

application and is valid for: 

additional injections of sodium persulfate activated with sodium hydroxide in 25 new 

direct push injection wells, · 

and is limited to the location(s) indicated in the application that we received onJuly 18,2012. 

~-
'-•' Printed on Recycled Paper 



All injection wells are regulated under the UIC Program in accordance with 40 CFR Parts 

144 and 146, which have been promulgated under Part C of the Safe Drinking Water Act, 42 

United States Code Sections 1421 through 1428. Your Class V injection well(s) is subject to 

periodic compliance inspections, which may include sampling and analysis of your fluids. 

Finally, be aware that under 40 CFR Sections144.12(c), (d), and (e), the EPA ~an require you to 

apply for a permit or close your injection well(s) under certain circumstances. 

Please notify us if the potential for groundwater contamination increases. If you intend to 

change the proposed plan, please notify us in advance. Any changes in operating methods or any 

other conditions that may adversely impact groundwater MUST be approved in advance by the 

EPA. Failure to comply with the above requirements will result in violations ofUIC regulations 

and possible enforcement actions and penalties. 

Please be advised that this rule authorization, change in operations pertains solely to the 

UIC Program and does NOT relieve you from satisfying any other federal, state, or local 

regulations that may apply. 

· Please complete and-I:eturn the self-addressed, stamped postcard included with this 

letter. Please contact Howard Urband at 1-800-227-8917, extension 312-6135 or (303) 312-

6135, if you have any questions or need more information. More information on the EPA 

Region 8 Class V program can also be found online at: · 

http://www.epa.gov/region8/water/uic/r8cvprog.html. 

Sincerely, 

~ 
Steven J. Pratt, PE, CAPM (in~ctive) 

UIC Unit Chief 

Enclosure: Self-addressed, Stamped Postcard (please return with signature and date) 

cc: Mr. Harold Noonan, Water Programs Manager 

Department of the Army 
1626 Evans Street, Building 1219, Room 217 

Fort Carson, Colorado 80913 

Ms. Deb Anderson 
Colorado Department of Public Health and Environment 

HMWMD-B2 . 

4300 Cherry Cree~ Drive South 

Denver, Colorado 80246-1530 

#'11¥. \.J Printed on Recycled Paper 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 8 

Ref: 8P-W-UIC 

Carlos Rivero-deAguilar 

1595 WYNKOOP STREET 
DENVER, CO 80202-1129 

http://www.epa.gov/region8 

JAN 1 7 2013 

Fort Carson Department of the Army, Directorate of 
Public Works 

1626 Evans Street, Building 1219, Room 231 

Fort Carson, CO 80913-4356 

RE: CLASS V UIC PROGRAM 

Dear Carlos Rivero-deAguilar: 

Rule Authorization: Aquifer Remediation Well 
Change in Operations 

Fort Carson Former Bldg 1211 

Chiles A venue and Evans Street 

Fort Carson, CO 

EPA File #C050000 - 08668 

The U.S. Environmental Protection Agency's (EPA's) Underground Injection Control 

(UIC) Program staff has reviewed the application that was submitted by you or on your behalf for 

the Class V aquifer remediation injection well(s) at the above referenced location. Based on our 

understanding of the proposed program and limited potential for groundwater contamination, we 

have determined that a permit is not necessary at this time. Therefore, the change(s) proposed is 

currently "authorized by rule" in accordance with Title 40 Code of Federal Regulations (40 CFR) 

Sections 144.24 and 144.84(a). This authorization is based on information provided in your 

application and is valid for: 

additonal injections of sodium persulfate and sodium peroxide plus injections of 

vegetable oil with selected bioaugmentation cultures in the manner described in your 

application, 

and is limited to the location(s) indicated in the application that we received on December 5, 2012. 

#. 
'-•' Printed on Recycled Paper 



All injection wells are regulatedunder the UIC Program in accordance with 40 CFR Parts 

144 and 146, which have been promulgated under Part C of the Safe Drinking Water Act, 42 

United States Code Sections 1421 through 1428. Your Class V injection well(s) is subject to 

periodic compliance inspections, which may include sampling and analysis of your fluids. 

Finally, be aware that under 40 CFR Sectionsl44.12(c), (d), and (e), the EPA can require you to 

apply for a permit or close your injection well(s) under certain circumstances. 

Please notify us if the potential for groundwater contamination increases. If you intend to 

change the proposed plan, please notify us in advance. Any changes in operating methods or any 

other conditions that may adversely impact groundwater MUST be approved in advance by the 

EPA. Failure to comply with the above requirements will result in violations ofUIC regulations 

and possible enforcement actions and penalties. 

Please be advised that this rule authorization, change in operations pertains solely to the 

UIC Program and does NOT relieve you from satisfying any other federal, state, or local 

regulations that may apply. 

Please complete and return the self-addressed, stamped postcard included with this 

letter. Please contact Howard Urband at 1-800-227-8917, extension 312-6135 or (303) 312-

6135, ifyou have any questions or need more information. More information on the EPA 

Region 8 Class V program can also be found online at: 

http://www .epa. gov /region8/water/uiclr8 cvpro g.html. 

Sincerely, 

~~;, 
Steven J. Pratt, PE, CAPM (inactive) 

UIC Unit Chief 

Enclosure: Self-addressed, Stamped Postcard (please return with signature and date) 

cc: Mr. John Chinnock, P.E. 

Shaw Environmental, Inc. 

9201 East Dry Creek Road 

Centennial, Colorado 80112 

Ms. Deb Anderson 
Colorado Department of Public Health and Environment 

Hazardous Materials and Waste Management Division 

4300 Cherry Creek Drive South 

Denver, Colorado 80246-1530 

~k. 
~., Printed on Recycled Paper 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 8 

Ref: 8P-W-UIC 

Carlos Rivero- eAguilar 

Fort Carson Department of the Army 

1595 WYNKOOP STREET 
DENVER, CO 80202-1129 

http://www.epa.gov/region8 

JAN 0 7 2013 

1626 Evans St~eet, Building 1219, Room 231 

Fort Carson, CO 80913-4356 

Dear Carlos Rivero-deAguilar: 

RE: CLASS V UIC PROGRAM 

Rule Authorization: Aquifer Remediation Well 

Change in Operations 

Fort Carson Former Bldg 1211 

Chiles A venue and Evans Street 

Fort Carson, CO 

EPA File #C050000 - 08668 

The U.S. Environmental Protection Agency's (EPA's) Underground Injection Control 

(UIC) Program staff has reviewed the application that was submitted by you or on your behalf for 

the Class V aquifer remediation injection well(s) at the above referenced location. Based on our 

understanding of the proposed program and limited potential for groundwater contamination, we 

have determined that a permit is not necessary at this time. Therefore, the change(s) proposed is 

currently "authorized by rule" in accordance with Title 40 Code ofFederal Regulations (40 CFR) 

Sections 144.24 and 144.84(a). This authorization is based on information provided in your 

application an<! is valid foe 

additional ihjections of sodium persulfate and hydroge~ peroxide plus injections of 

vegetable oil with selected bioaugmentation cultures in the manner described in your 

application; 

and is limited to the location(s) indicated in the application that we received on December 5, 2012. 

¥* 
\.;' Printed on Recycled Paper 



All injection wells are regulated under the UIC Program in accordance with 40 CFR Parts 
144 and 146, which have been promulgated under Part C of the Safe Drinking Water Act, 42 
United States Code Sections 1421 through 1428. Your Class V injection well(s) is subject to 
periodic compliance inspections, which may include sampling and analysis of your fluids. 
Finally, be aware that under 40 CFR Sections144.12(c), (d), and (e), the EPA can require you to 
apply for a permit or close your injection well(s) under certain circumstances. 

Please notify us if the potential for groundwater contamination increases. If you intend to 
change the proposed plan, please notify us in advance. Any changes in operating methods or any 
other conditions that may adversely impact groundwater MUST be approved in advance by the 
EPA. Failure to comply with the above requirements will result in violations ofUIC regulations 
and possible enforcement actions and penalties. 

Please be advised that this rule authorization, change in operations pertains solely to the 
UIC Program and does NOT relieve you from satisfying any other federal, state, or local 
regulations that may apply. 

Please complete and return the self-addressed, stamped postcard included with this 
letter. Please contact Howard Urband at 1-800-227-8917, extension 312-6135 or (303) 312-
6135, ifyou have any questions or need more information. More information on the EPA 
Region 8 Class V program can also be found online at: 
http://www.epa.gov/region8/water/uic/r8cvprog.html. 

Sincerely, 

-··· ·····_::vi··--- , I - ---.. -····· ,, '~ ,..,. .... ~ . . / t:Vt,...< ~ c. .. - - - --~·- '! 

~t=. Steven\yi Pratt, PE, CAPM (inactive) 
./ UIC Unit Chief 

Enclosure: Self-addressed, Stamped Postcard (please return with signature and date) 

cc: Mr. Jolln Chinnock, P.E. 
Shaw ~nvironmental, Inc. 
9201 East Dry Creek Road 
Centennial, Colorado 80112 

Ms. Deb Anderson 
Colorado Department of Public Health and Environment 
Hazard~:ms Materials and Waste Management Division 
4300 Cherry Creek Drive South 
Denver:, Colorado 80246-1530 

¥Iff 
'-•' Printed on Recycled Paper 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



December 4, 2012 

Mr. Craig Boomgaard 
EPA Region 8 
8P-W-UIC 
1595 Wynkoop Street 
Denver, CO 80202-1129 

cc: Mona Douillard-Army 
Melissa Kemling-USACE 
James Tiehen-USACE 
Terry Samson-USACE 
Matt Dayoc-USAEC 
Deb Anderson-CDPHE 

Roland Clubb-CDPHE 
File 

a world of Solutions"' 

UIC Permit #; 

lnv 
Pemlit Form 

OEC 0 5 2012 

Subject: Underground Injection Control Authorization Request, Former Building 1211 Underground 
Storage Tank (FTC-088/SWMU 169), Fort Carson, Colorado 

Shaw Tracking No.: SHA W-FTC-0493 

Dear Mr. Boomgaard: 

Shaw Environmental, Inc. (Shaw) on behalf of the Fort Carson Military Installation (Ft. Carson), as authorized by 

the Colorado Department of Public Health and Environment (CDPHE) Hazardous Materials' and Waste 

Management Division, is transmitting one copy of the Draft Final Remedy Modification Request to satisfy the 

information requirements for obtaining a Class V Underground Injection Control (UIC) rule authorization for the 

Former Building 1211 Underground Storage Tank (Fort Carson Site Number-088/Solid Waste Management Unit 

[SWMU] 169), Fort Carson, Colorado. 

The Remedy Modification Request provided for your review contains the details of the proposed injection event 

at the SWMU 169 site. The injection of emulsified vegetable oil (EVO), sodium lactate, and a microbial 

dechlorinating consortium (SDC-9™) able to reduce chlorinated ethenes is planned using eleven groundwater 

wells screened 11 to 16 feet below ground surface to target the contaminated groundwater zone. The eleven 

4-inch, schedule 40 injection wells, will be installed specifically for this injection and are scheduled to be installed 

the week of December 10t\ 2012. The injections are intended to remediate 1,2-dichloroethane (1 ,2-DCA) in 

groundwater via in situ enhanced bioremediation (ISEB) at SWMU 169. The injection activities are tentatively 

scheduled to commence in Januaty 2013. The carbon source injection is estimated to take 2 days. Then, 

approximately 2 months after delivering the carbon amendment and the groundwater has be¢ome favorable for the 

anaerobic injection of the SDC-9™ consortium, it is estimated 1 day of injection will be req}lired. Wells within 

9201 E. DRY CREEK ROAD , CENTENNIAL, CO 80112 
303.741 .7700 • FAX 303.741.7670 



Underground Injection Control Authorization Request, Former Building 1211 Underground Storage Tank (FTC-
088/SWMU 169), Fort Carson, Colorado 
Page 2 

December 4, 2012 

1 mile of this injection site are all located on Ft. Carson property and are primarily used for w oundwater 

monitoring. No wells within 1 mile of the site are used for potable water. To facilitate your teview, the pertinent 

information as it applies to the UIC rule authorization is highlighted in the attached Remedy Modification 

Request. 

The following is a list of contact infonnation outlined in the EPA Site Information Request Fact Sheet, Class V 

Underground Injection Control. 

Property owner: L[ 
Department of the Army )) , , t ' ) , 72 t' i/ P 1 0 - d I? '~-r ~ ();__ (_t: 

United States Army Installation Management Command 

Headquarters, United States Anny Garrison, Fort Carson 

1626 Evans Street, Bldg 1219 

Fort Carson, Colorado 80913-4362 

P: 719.526.1241 

F: 719.526.2120 

Operator of facility: 

Department of the Army 

United States Anny Installation Management Command 

Headquarters, United States Anny Garrison, Fort Carson 

1626 Evans Street, Bldg 1219 

Fort Carson, Colorado 80913-4362 

P: 719.526.1241 

F: 719.526.2120 

Responsible party for the operation, maintenance, and closure of the injection system: 

Shaw Environmental, Inc. 

Project Manager 

John Chinnock, P.E., PMP 

9201 E. Dry Creek Road 

Centennial, CO 80112 

P: 720.554.8160 

F: 720.554.8298 

Shaw Construction Field Manager: 

Jon Kaibel 

9246 Butts Road (Route 5) 

(Delivery Only) 

Fort Carson, Colorado 80913 

P: 719.330.6463 

SHAW-FTC-0493 



Underground Injection Control Authorization Request, Former Building 1211 Underground Storage Tank (FTC-
088/SWMU 169), Fort Carson, Colorado 
Page 3 

State Agency authorizing site clean up: 

Colorado Department of Public Health and Environment 

Hazardous Materials and Waste Management Division 

Ms. Deb Anderson 

4300 Cherry Creek Drive South 

Denver, Colorado 80246-1530 

P: 303.692.3379 

If you have any questions or require additional information, please contact me at (720) 554-8160. 

Sincerely, 

John Chinnock, P.E., PMP 
Project Manager 
Shaw Environmental, Inc. 

SHAW-FTC-0493 

December 4, 2012 



March 8, 2012 

Mr. Carlos Rivero-deAgui1ar 

Department of the Army 

a world of Solutions~ 

Directorate ofPublic Works, Environmental Division 

Attn: ECT Program Leader 
1626 Evans Street, Bldg 1219 

Fort Carson, Colorado 80913-4362 

cc: Mona Douillard, Army 

Rebekah Allen, Army 

Melissa Kemling, USACE 
James Tiehen, USACE 

Terry Sampson, Army 

Matt Dayoc, AEC 

Meeckral Williams, AEC 

Gary Parks, Shaw 

Subject: Draft Final Remedy Modification Request, Former Building 1211 Underground Storage Tank 
(FTC-088/SWMU 169), Fort Carson, Colorado 

Shaw Tracking No.: SHA W-FTC-370 

Dear Mr. Rivero-deAguilar: 

In August 2009, Fort Carson submitted the Final Presumptive Remedy Work Plan, Former Building 1211 
Underground Storage Tank (FTC-088/SWMU 169), Fort Carson, Colorado (PRWP) (Shaw Environmental, Inc. 

[Shaw], 2009). The PRWP was approved by the Colorado Department of Public Health and Environment 
(CDPHE) in a letter dated September 9, 2009, and implementation of the remedy selected in the PRWP 

commenced in October 2009. To date, however, the selected remedy has not fully achieved project objectives. 
Therefore, Shaw is submitting this Remedy Modification Request. 

Currently, there are two distinct treatment areas within Solid Waste Management Unit (SWMU) 169. The first 

treatment area is located within and around the fonner underground storage tank (UST) pits. The second treatment 
area is located south of the former tank pits and south of Evans Street. 

Within the first treatment area, chemicals of concern (COCs) identified in the PRWP and the Resource 
Conservation and Recovery Act Hazardous Waste Part B Permit No. C0-06-09-29-01 (Part B Permit) (CDPHE, 
2006) as requiring remediation include the polycyclic aromatic hydrocarbons (PAHs) benzo(a)pyrene, 

benzo(a)anthracene, benzo(b)fluoranthene, and indeno(1,2,3-cd)pyrene in soil, and, the PAHs bis(2-

ethylhexyl)phthalate, benzo( a )anthracene, benzo(b )fluoranthene, benzo( a )pyrene, chrysene, and indeno( 1 ,2,3-
cd)pyrene in groundwater. Additionally, the volatile organic compounds (VOCs) benzene and vinyl chloride in 

9201 E. DRY CREEK ROAD, CENTENNIAL, CO 80112 
617.589.1043 • FAX 617.589.2992 



Draft Final Remedy Modification Request, Former Building 1211 Underground Storage Tank (FTC-088/SWMU 
169), Fort Carson, Colorado 
Page2 

March 7, 2012 

groundwater also require remediation. In the second treatment area, the COC requiring remediation is limited to 

1 ,2-dich1oroethane (1 ,2-DCA) in groundwater. 

In both treatment areas, the PRWP called for remediation by in situ chemical oxidation (ISCO) using sodium 

persulfate activated by sodium hydroxide to treat COCs exceeding the cleanup goals identified in the Part B 

Permit. ISCO is planned to continue as the remedy for the treatment of the P AHs in soil and groundwater and 

benzene and vinyl chloride in groundwater in the first treatment area surrounding the former UST pits. A second 

application ofiSCO is planned for this treatment area during the second quarter of2012. However, Shaw intends 

to change the "method of delivery" of the reagent into the subsurface environment. In a call with the CDPHE on 

January 27, 2012, it was confinned that a permit modification would not be required to alter the delivery method. 

Conversely, Shaw is proposing to change the currently stipulated ISCO remedy in the Part B Permit for the 

second treatment area. Shaw is proposing to replace the current ISCO treatment with in situ enhanced 

bioremediation (ISEB) as the remedy for 1,2-DCA in groundwater in the second treatment area. The modification 

is designed to be protective of human health and the environment, attain cleanup levels, and meet all waste 

management requirements. A change to the currently specified remedy in the Part B Permit will require a permit 

modification. The purpose of this letter is to facilitate that modification. 

Background 

SWMU 169 is located in the northern portion of the Cantonment Area at Fort Carson, as shown in Figure 1. 

Fonner Building 1211 served as a pump house for a fueling station, which consisted of one 12,000-gallon diesel 

UST, one 12,000-gallon solvent UST, eight diesel fuel-dispensing pumps, and one solvent-dispensing pump. The 

removal of the Building 1211 USTs was conducted sometime between 1986 and 1988 (Emth Tech, Inc. [Earth 

Tech], 2008). The site is currently u ed as an asphalt-paved parking lot and grass-covered area associated with 

Building 1203. The previous investigations concluded that the origin of organic compounds in the groundwater 

and petroleum hydrocarbon compounds in soil may be associated with former fueling station activities (Earth 

Tech, 2008). 

Additional background information and operational history of SWMU 169 are contained in the PRWP. 

Presumptive Remedy Implementation Summary 

ISCO and follow-up direct-push technology (DPT) sampling of soils in the UST excavation pits were selected as 

the presumptive remedy for SWMU 169. ISCO treatment at SWMU 169 consisted of the application of sodium 

persulfate activated by sodium hydroxide to treat the COCs in both soil and groundwater. A complete summary of 

the presumptive remedy activities conducted at SWMU 169 is included in the Presumptive Remedy Annual 

Progress Report for 2010, Former Building 1211 Underground Storage Tank (FTC-088/SWMU 169), Fort 

Carson, CO (Shaw, 2010) and the Presumptive Remedy Annual Progress Report for 2011, Former Building 1211 

Underground Storage Tank (FTC-088/SWMU 169), Fort Carson, CO (Shaw, 2011) and consisted of the 

following: 

• The installation of six additional compliance monitoring wells (1206MW01A, 1206MW09, 1206MW10, 

1206MW11, 1206MW12, and 1206MW13) in October 2009 (Figure 2) 

• A soil oxidant demand test conducted in October 2009 

• Development of the six new compliance wells conducted in October and November 2009 

SHAW-FTC-370 



Draft Final Remedy Modification Request, Former Building 1211 Underground Storage Tank (FTC-088/SWMU 
169), Fort Carson, Colorado 
Page4 

March 7, 2012 

telephone call on January 27, 2012. This letter report describes a planned modification to the remedy for the 
treatment of 1,2-DCA in groundwater. 

The basis for a change to the 1,2-DCA remedy is primarily due to the low penneability conditions in the 1,2-DCA 
treatment area in the vicinity of wells 1206MW10 and 1206MW11. As mentioned previously, actual oxidant 
volumes injected within this treatment area were significantly less than the target volumes. A change from OPT 
injection locations to large diameter injection wells combined with the use oflower quantities of biological 
amendments and substrates results in a higher confidence in obtaining project objectives at the 1,2-DCA treatment 
area as compared to performing another OPT ISCO injection event. 

Corrective Measure Objectives 

The corrective measure objectives for 1,2-DCA in groundwater at SWMU 169 are to protect human health and the 
environment by treating groundwater that contains 1,2-DCA above the cleanup goals. The concentrations of any 
associated hazardous constituents also must not exceed the cleanup goals. The cleanup goal for 1,2-DCA in 
groundwater is the Colorado Groundwater Standard (CGWS) of 5 micrograms per liter (f.lg/L). 

ISEB Technology Description 

Bioremediation technologies rely on engineered systems to enhance or stimulate the natural degradation of 
contaminants in the subsurface. Several species of microbes (primarily bacteria) have been identified that are 
capable oftransfonning potentially harmful chlorinated VOCs (CVOCs) into nontoxic chemicals through a 
process referred to as intrinsic biodegradation . Bioremediation technologies attempt to cultivate subsurface 
condjtions for microbial population growth and thereby enhance degradation processes. 

Enhanced reduction dechlorination of CVOCs is an anaerobic process where microbes remove chlorine atoms 
from CVOCs during respiration. ISEB can effectively reduce the time required for complete degradation of the 
chlorinated cthencs by injecting a carbon source and a dechlorinating microbial consOLtium that includes 
Dehalococcoides elhenogenes (DHE). DHE has been shown to completely degrade 1,2-DCA to ethane vi a 
reductive dechlorination (Grostern and Edwards, 2006). During reductive dechl01ination, the chlorinated ethane 
(1,2-DCA) serves as an electron acceptor, and chlorine atoms arc sequentially replaced with protons to yield 
cblorocthane, ethane, and cthene as daughter products. 

To degrade concentrations of 1,2-0CA in groundwater at SWMU 169 in the vicinity of wells 1206MWlO and 

l206MW11 (Figure 5), ISEB substrates will be inj ected to provide carbon and create favorable conditions for 
reductive dechlorination. A carbon source solution, consi ting of emulsi fied vegetable oil (EVO) and sodium 
lactate, will provide the indigenous and bioaugmented mjcroorganisms a food source. As these carbon sources arc 
metabolized, hydrogen is released, which provides available protons for reductive dechlorination. The 
microorganisms in the subsurface will first use available oxygen and other electron acceptors such as ferrous iron 
(Fe2

' ) and sulfate to create reducing conditions favorable for reductive dechlorination of 1,2-DCA and its 

daughter products. 

To reduce 1,2-DCA concentrations in the treatment area, a mixture of several sub trates was selected including 
EVO, lactate, and a dechlorinating microbial consortium. Lactate was selected to supply an easily fem1cntable 
carbon source to aid in quickly creating reduced conditions required for reductive dechlorination. EVO was 
chosen to supply a longer-lasting carbon source to support long-term reduction of chlorinated ethane mass by the 
indigenous and bioaugmentation cultures. Shaw' s Dechlorinating Consortium (SDC-9™), a microbial consortium 
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• Baseline groundwater sampling activities conducted in January 2010 

• ISCO injections conducted in February 2010 

• Quarterly postinjection groundwater sampling events including: 

0 First quarter 2010 in March 2010 

0 Second quarter 2010 in June 2010 

0 Third quarter 2010 in September 2010 

0 Fourth quarter 2010 in December 2010 

0 First quarter 2011 in March 2011 

0 Second quarter 2011 in June 2011 

0 Third quarter 2011 in September 2011 

March 7, 2012 

The ISCO injection event was conducted at SWMU 169 in February 2010. Approximately one-third of the 
proposed oxidant volume was injected into the treatment zone at the site. Out of a total of 22 injection locations, 5 
locations successfully received the target oxidant volume (approximately 1,250 gallons), 13 locations received 
significantly less than the target volume due to surfacing (the escape of oxidant and groundwater to the surface, 
compromising further injection), and the remaining 4 locations did not receive any oxidant due to an inability to 
establish injection flow. The targeted injection interval was from 9 to 14 feet below ground surface (bgs), 
however, subsurface refusal impacted the placement of the injection interval at each location. The injection 
locations (1206DPT01 through 1206DPT22) are presented in Figure 2. 

As of the conclusion of the third quarter 2011 sampling event, concentrations of 1,2-DCA in groundwater 
continue to exceed the cleanup goals (Table 1 and Figure 3). Concentrations of 1,2-DCA in groundwater above 
the cleanup goals are reported at two well locations (1206MW10 and 1206MW11). Concentrations of 1,2-DCA 
have not exceeded the cleanup goal (5 micrograms per liter [).lg/L]) at the other compliance wells since 
implementation of the remedy. 

Concentrations of 1 ,2-DCA in groundwater on average have been reduced by 37 percent in the compliance wells 
(1206MWIO and 1206MW11) from baseline; however, 1,2-DCA concentrations remain above cleanup standards. 
1,2-DCA time series plots are included as Appendix A. 

A potentiometric surface map for the third quarter of2011 is included as Figure 4. A summary of water level 
information for SWMU 169 wells including top of casing elevations are provided in Table 2. 

Justification for a Remedy Modification 

The presumptive remedy consisting of ISCO using sodium persulfate activated by sodium hydroxide to treat 
COCs in both soil and groundwater at SWMU 169 has not fully achieved project objectives. As mentioned above, 
a second injection event is planned for the treatment ofPAHs in soil and groundwater and benzene and vinyl 
chloride in groundwater in the treatment area surrounding the former UST locations, and a change to the 
presumptive remedy delivery system for the second injection event has been discussed with the CDPHE in a 
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shown to reductively dechlorinate 1,2-DCA and its degradation daughter products, was chosen to aid in complete 

dechlorination. The injection of these amendments into the contaminated groundwater will provide the needed 
elements to reduce the chlorinated ethane mass in the l 2-DCA treatment area. 

Evaluation of Technology Performance 

This evaluation takes into account the approach to monitor the performance and effectiveness of the technology. 
The proposed remedy modification, ISEB, has been evaluated in accordance with the requirements specified in 
the Part B Permit in addition to other identified criteria that include the following: 

Protection of Human Health and the Environment 

Enhanced bioremediation uses conventional equipment to distribute bioaugmentation substrates and amendments, 
such as EVO, sodium lactate, and a microbial consortium into the subsurface. The substrates and amendments are 
not considered hazardous and do not pose a threat to human health and the environment. However, engineering 
controls will be utilized to control the potential release of any material into the environment other than for its 

specified use. 

Attainment of Cleanup Levels 

Augmented bioremediation to treat 1,2-DCA in groundwater will attain the screening criteria that is protective of 
human health and the environment for this Resource Conservation and Recovery Act-regulated COC established 
in the Final Risk-Based Evaluation Procedures Manual, Module VI, Methodology for IdentifYing No Further 

Action at Solid Waste Management Units, Fort Carson, Colorado, Revision 5 (Earth Tech, 2010). Meeting the 
screening criteria for 1,2-DCA will support the recommendation for no further action at the SWMU. The cleanup 
goal for 1,2-DCA is the CGWS and is 5 )lg/L in groundwater. 

Control of Source Releases 

ISEB can reduce concentrations of 1 ,2-DCA in groundwater below the cleanup goal of 5 )lg/L. 

Compliance with Applicable Standards for Management of Wastes 

Wastes generated during the ISEB activities can include treatment liquid waste containing EVO, sodium lactate, 
SDC-9™, disposable sampling equipment, and personal protective equipment. All wastes will be analyzed and 
disposed in compliance with waste management standards as specified in the Part B Permit and the Field and 
Laboratory Procedures Manual (FLPM) (Summit Technical Resources, 2011 ). 

Long-Term Reliability and Effectiveness 

Groundwater exposure risks at SWMU 169 will be removed by ISEB. Remediation activities can be completed in 
approximately 1 to 2 years. Long-term groundwater monitoring will be conducted for a minimum of 3 years 
following the achievement of all groundwater screening criteria to determine the effectiveness of the remedy. 

Reduction of the Toxicity, Mobility, or Volume of Wastes 

ISEB will reduce the toxicity, mobility, and volume of contamination through the mass removal of contaminants 
by focusing on previously identified areas of high concentrations in groundwater. ISEB provides permanent and 
irreversible reduction in concentrations of 1,2-DCA and produces minimal waste. 
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Short-Term Effectiveness 
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The use ofiSEB will effectively remove the 1,2-DCA from the zone of contamination, thereby limiting potential 
short-term risks to the public that may include inhalation of constituents that may be released during treatment 
operations. Other potential short-tenn risks to workers may include direct contact and exposure during 
construction, waste handling, and transportation and physical injury during construction activities. Release to the 
environment can be controllable during construction. The short-term effectiveness is largely a function of the 
injection rates, size of injection, the efficiency of the application, and safety precautions. 

lmplementabi/ity 

All components of the remedy modification are readily implementable. A previous injection event conducted at 
SWMU 169 (sodium persulfate and sodium hydroxide injections in the first quarter of2010) indicates that the 
porosity and permeability of the subsurface soils limit the volume of remedial solutions that can be successfully 
applied to the saturated zone. However, the use of 4-inch injection wells for delivery ofiSEB amendments and 
substrates necessary for successful reduction of 1,2-DCA will allow for increased volume into the treatment 
interval. The area of impact is minimal, is accessible for implementing multiple injection wells, and is relatively 
shallow to facilitate the remedy implementation. Please note that based on the previous injection event, the 
recommended spacing between injection wells will be reduced from the previous injection event spacing, 
resulting in a more unifonn distribution of remedial solutions into the treatment formation. 

Cost 

The present worth of the ISEB remedy modifications for SWMU 169 is approximately $166,781. The total costs 
consist primarily of the direct capital costs that include work plan preparation, mobilization of construction 
activities, installation of injection wells, ISEB injections, quarterly groundwater monitoring for a minimum of 3 
years, annual reporting, and then demobilization of the activities. The basis of estimate for the ISEB remedy at 
SWMU 169 is provided in Appendix B. 

Community Acceptance 

Following regulatory approval of the proposed remedy modification, it will then be evaluated based on public 
reception of the technologies. The remedy modification will be published for public notice with a 45-day 
comment period prior to final selection of the remedy modification to the Part B Permit by the CDPHE. 

Remedy Modification Implementation 

The following presents the methodology for the construction, operation, and implementation of the ISEB remedy 
modification: 

Underground Injection Control 

Injection systems for groundwater treatment typically fall under the underground injection control (UIC) 
defmition of Class V, which is a nonspecific category for injection of nonhazardous fluids not covered under 

Classes I through IV. Injection of materials to any shallow groundwater in the state of Colorado under a Class V 
is regulated by the United States Environmental Protection Agency (EPA) Region 8. Class V injection wells can 
be rule authorized which precludes the need for a permit. Requirements for a rule-authorized UIC include: 
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• Analysis of existing groundwater contamination 

• No potential to cause further groundwater contamination 
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• Owner/operator submits additional information as needed to determine the potential for groundwater 
contamination 

A UIC rule authorization or permit will be required for the ISEB injections. The inventory information must be 
submitted prior to construction and operation of a new injection system. When the injection system is no longer in 
use, the system must be decommissioned or converted. The Directorate of Public Works Environmental Division 
and the CDPHE will be provided with a copy of the UIC permit or rule authorization prior to commencing work. 
A list of the inventory information required to determine whether a permit is required rather than a rule 
authorization is presented in the EPA Site Information Request Fact Sheet, Class V UIC in Appendix C. 

Injection Wei/Installation 

A total of 11 injection wells is proposed to be installed within the 1,2-DCA treatment area for delivery of the 
bioremediation amendments and substrates. Injection well locations are presented in Figure 5. All well 
installations will be performed by a Colorado-licensed subcontracted driller under the field supervision of a Shaw 
geologist. The drilling procedure will follow the procedures specified in the FLPM. Each well will be constructed 
of a 4-inch inside diameter, continuous-wrapped 0.010-inch slot screen with a 4-inch inside diameter riser 
composed of Schedule 40 polyvinyl chloride (PVC) pipe (Figure 6). The screen interval will be from 11 to 16 
feet bgs for each injection well, targeting the saturated zone at the 1,2-DCA treatment area (Figure 5). The 
planned vertical target treatment interval (11 to 16 feet bgs) is based on review of boring logs and groundwater 
elevation data from monitoring wells and soil borings installed in the 1 ,2-DCA treatment area. A filter pack 
consisting of 10-20 filter sand will be placed around the screen from the bottom of the borehole to at least 1 foot 
above the screen. A 2-foot bentonite seal will be placed above the filter pack to prevent downward migration of 
cement grout, when possible. The seal will consist of tamped bentonite granules, chips, pellets (when unsaturated 
conditions exist), or a combination of the three. This seal may also be installed by the tremie method if required 
by field conditions. If the seal is positioned below the water table, the use of pellets only is preferable. The 
bentonite will be installed in four 6-inch lifts, with each lift hydrated with potable tap water before proceeding. 
Each lift will be hydrated for 30 minutes, with water added as necessary, before placement of the next lift. After 
placement of the final lift, the bentonite seal will be allowed to hydrate for an additional 2 hours prior to grouting. 
The flush-mount surface completions for each well will consist of an appropriately sized, traffic-rated, cast-iron 
assembly with a protective lid that will be centered over the monitoring well and surrounded by a 6-inch-thick by 
20-inch-square cement pad. The top of each observation well will be fitted with a locking watertight J-plug. 

Survey Procedures 

The newly installed injection wells will be surveyed in accordance with Section 2.14 ofthe FLPM. A global 
positioning system surveying unit will be used to determine the coordinates of the well locations. Vertical 
elevations will be determined for the immediate ground surface and at the top of the PVC casing. Actual accuracy 
encountered during surveying is dependent on the number of satellites available, and this will be documented. 
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The ISEB treatment will consist of injecting EVO, sodium lactate, and SDC-9™ bioaugmentation culture solution 

into the shallow aquifer within the 1 ,2-DCA treatment area at depths between 11 and 16 feet bgs. The treatment 

area consists of an approximate 3,600-square-foot area encompassing compliance wells 1206MW10 and 

1206MW11 with 1,2-DCA concentrations above cleanup criteria (Figure 5). The following sections describe the 

ISEB remedy modification planned for SWMU 169. 

Injection System Setup 

The treatment program design consists of at least one injection application delivering a dilute carbon substrate 

containing EVO and sodium lactate combined with the microbial consortium, SDC-9™, into the treatment area. 

Shaw will utilize injection wells to introduce the ISEB amendments into the subsurface. A total of 11 injection 

wells will be installed within the 3,600-square-foot treatment area (Figure 5). The number and spacing of the 

injection locations are based on a 10-foot distribution radius of influence (ROI) determined by site lithology, COC 

concentrations, hydrogeologic conditions, and results of the ISCO DPT injection event conducted in 2010 at 

SWMU 169. The 10-foot ROI is a reduction from the 15-foot ROI used during the ISCO injection event. 

Difficulty achieving the target ISCO injection volumes using 1.5-inch DPT wells due to tight subsurface 

conditions is the basis for the reduction in the anticipated ROI. Further, the use of 4-inch injection wells will 

allow for increased contact as compared to the 1.5-inch DPT wells, thereby allowing for increased coverage 

compared to the DPT wells. Please note that each injection well will vary in the achieved ROI in that there are 

preferential pathways established in the subsurface which largely determines the amount of coverage achieved. In 

general, the closer the injection points are placed to each other, the higher the confidence in the ability to 

influence the target area and reduce COCs to below action levels. The ISEB amendments will be injected in each 

of the locations through a 5-foot screen in the saturated zone (11 to 16 feet bgs ). This method of selective vertical 

injection will deliver ISEB amendments across the entire vertical extent of the target treatment interval. 

An injection system consisting of a six-point manifold, approximately two 55-gallon drums ofEVO, one 

55-gallon drum oflactate, 5 liters of SDC-9™, a 6,000-gallon tank for mixing, an injection pump, sample ports, 

pressure indicators, flow meters, PVC piping, and associated valves and fittings will be mobilized to the site and 

assembled adjacent to the injection well field. The injection system will be powered by either a local power 

supply (approval pending) or a 50-kilowatt portable generator. Once the injection system is assembled, the 

injection system components and products will be enclosed in an exclusion zone. The injection wells consist of air 

bleed valves, flow valves, and pressure and flow monitoring instrumentation for each of the injection wells. Shaw 

personnel will place the 6,000-gallon mixing/injection tank at the site and connect the wellheads to the injection 

system via clear, flexible PVC hose via cam-lock couplings. The process and design diagram for the injection 

system proposed for the 1,2-DCA vertical treatment zone is shown in Figure 7. 

The carbon substrates EVO and sodium lactate are food-grade substances and are not considered hazardous. For 

general safety from splashing and mechanical devices, modified Level D personal protective equipment will be 

worn at all times when working around the operating injection systems, as detailed in the site health and 

emergency response plan. 

SHAW-FTC-370 



Draft Final Remedy Modification Request, Former Building 1211 Underground Storage Tank (FTC-088/SWMU 
169), Fort Carson, Colorado 

March 7, 2012 

Page 9 

Injection Volumes 

The injection goal for total ISEB carbon substrate injection vo lume is approximately 11,000 gallons of potable 
water 110 gallons ofEVO, 54 gallons of sodium lactate, and 5 liters of SDC-9™ that will be thoroughly mixed 
and distributed throughout the vertical treatment zone. This equates to approximately 1,000 gallons for each of the 
11 injection wells. The volumes selected to be injected are based on review of site-speci fic data and p revious 
experience at SWMU 169 obtained during the January 2010 ISCO injections. The u e of 4-inch-diamctcr wells 
should allow for the ubsurface to accept larger volwnes of remedial solution . In addition, the volume of 
biolog]cal amendments and substrates needed for treatment is lower than the p lanned volumes for ISCO. lSEB 
substrate volumes will vary per location if injection pressmes increase above 35 pow1ds per square inch (psi) in 
the injection wells and sub trate surfaces and/or injection flow rates drop to below 0.5 gallons per minute (gpm). 
The proposed injection parameters for the ISEB substrates, including the calculated injection volumes, are 
presented in Table 3. The calculations prepared for the required substrate injection volumes based on the known 
or estimated site parameters are presented in Appendix D. 

Injection Rates 

The rate at which the ISEB substrate and microbial consortium solutions are injected into the subsurface is 
initially determined by the known soil/aquifer characteristics as identified in the historical documents presented in 
Section 3 .0. Based upon review of site-specific boring logs and groundwater data and based on the flow rates 
achieved during the ISCO injection event, injection flow rates are expected to be between 1 and 3 gpm. The 
proposed injection parameters for the ISEB substrates, including the calculated injection rates, are presented in 
Table 3. The calculations prepared for the required substrate injection rates based on the known or estimated site 
parameters are presented in Appendix D. 

ISEB Carbon Amendment and Microbial Consortium (SDC-9™) Development 

An oil transfer pump will be used to transfer the EVO and sodium lactate to the 6,000-gallon storage tank. 
Dilution water will be delivered to the 6,000-gallon tank via an approved water source. Electrical power will be 
provided to the injection system by either a local supply or a portable 50-kilowatt generator. The following steps 
are to be followed when mixing each batch of the carbon amendment solution: 

1. Transfer 52 gallons of EVO to the 6,000-gallon mixing tank the day before injections. 

2. Transfer 27 gallons of sodium lactate to the 6,000-gallon mixing tank the day before 
injections. 

3. Transfer 0.5 liters of SDC-9™ to the 6,000-gallon mixing tank the day before injections to 
assist with the reduction of dissolved oxygen (DO) concentrations in the mixing tank. 

4. Transfer 5,163 gallons of potable water to the 6,000-gallon mixing tank. Mixing will be 
provided by the agitation created by adding the water to the carbon sources. 

5. Monitor for DO in the mixing tank to confirm concentrations less than 1.0 milligrams per liter 
(mg/L) prior to adding the remaining 4.5liters ofSDC-9™. 
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6. If necessary, argon gas may be diffused into the tank mixture to remove any residual oxygen 
and reduce DO concentrations to less than 1.0 mg/L prior to adding the remaining volume of 
SDC-9TM_ 

ISEB Carbon Substrate and Microbial Consortium (SDC-9™) Injections 

Following the development of the respective ISEB solutions, the subsurface injection will begin. The solutions 

will be injected simultaneously into a maximum of six injection wells. During injection, flow rates and injection 
pressures will be monitored and recorded. Injection rates will be increased incrementally by no more than 0.5 gpm 
until a steady state equal to or less than 5 gpm is achieved. Initial pressure and flow monitoring will be completed 
as often as time allows, but at a minimum of once an hour. Once the daily injection rates, injection pressures, and 
overnight aquifer rebound have been established, the injection system recording will be scaled back to 4--6 times 
per day. Field forms that will be used by the Shaw field personnel to collect ISEB injection system and water 
level measurements are provided in Appendix E. 

The following steps are necessary for the injection ISEB substrates into the groundwater: 

1. Record the time, depth to water in the wells, the flow totalizers, the four injection manifold 
points, and wellhead gauges pressure readings. 

2. Begin ISEB injection, starting at approximately 0.5 gpm. Injection pressure at injection 
wellheads should not exceed 35 psi (above 35 psi may force the enhanced reductive 
dechlorination (ERD) substrate solution to surface). 

3. Monitor and record the depth-to-water elevations in the wells until a steady state is achieved. 

4. Continue injection of the solution while monitoring depth-to-water elevations. 

5. Increase injection flow in 0.5-gpm increments while monitoring groundwater mounding until 
the maximum flow achieved during the water injection test is obtained. 

6. Repeat appropriate steps for the injection ofERD solution into the next six injection wells. 

Increasing the flow rate above the previous maximum will be considered after one complete day ofthe maximum 
flow rate. Injection pressures measured at the wellhead during the initial days ofERD solution injection will be 
maintained below 35 psi for the injection wells. 

ISEB Injection Duration 

The length oftime required for the carbon amendment and SDC-9™ injections was calculated using a six-point 
manifold and achieving an average 2-gpm injection rate for 8 hours per day. The ISEB injections are e timated to 
take 2 days for the injection and 1 day each for setup and breakdown for a total of approximately one 5-day week. 
The proposed injection parameters for the ISEB substrates, including the estimated time for the injection phases, 
arc presented in Table 3. The calculations prepared for the required substrate injection volumes based on the 
known or estimated site parameters arc presented in Appendix D. 
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Short-term land-use controls will be required during the implementation of excavation activities to prevent human 
contact with groundwater conditions at SWMU 169. The expected end land use for SWMU 169 is residential, and 
the proposed remedy is expected to achieve response complete with no expected long-term land-use controls or 
land management requirements. 

ISEB Compliance and Performance Monitoring 

The groundwater monitoring program specified in the PRWP and the Part B Pcnnit consists of the collection of 
groundwater samples from compliance wells 1206MW01A, 1206MW03, 1206MW07, 1206MW08, 1206MW09 
1206MW10, 1206MW11, 1206MW12, 1206MW I3, and LF6MW8 on a quarterly basis. Groundwater samples 
from the 10 compliance wells are to be sampled for VOCs via EPA Method 82608 and for PAHs via EPA 
Method 8270D. In addition, the following field parameters are to be monitored during each sampl ing event: 

• Depth to water 

• Dissolved oxygen 

• Oxygen reduction 

• Specific conductivity 

• pH 

• Temperature 

• Ferrous iron 

In addition to the analytical methods specified in the PRWP and the Part B Permit, groundwater samples collected 
from compliance wells 1206MW10 and 1206MW11 are planned in order to evaluate the TSEB remedy. 
Groundwater samples from wells 1206MW 10 and 1206MW11 are planned to be analyzed for the following 
laboratory analyses prior to implementation of the TSEB remedy and on a post implementation quarterly basis: 

• Alkalinity using EPA Method 310.2 

• Nitrate/nitrite/sulfate/chloride using EPA Method 300.0 

• Total organic carbon using EPA Method 415.1 

• Dissolved gases (methane, ethane, ethcne) by EPA Method RSK 175 

• DHE quantification analysis using Shaw' s method SOP-TAG-BT0-027 

The above-mentioned pcrfonnance analytical methods planned for wells 1206MW10 and 1206MW11 wi ll be 
reviewed annually, and recommendations will be made whether to continue with the performance quarterly 
monitoting or decrease the number of parameters at these wells in each Presumptive Remedy Annual Progress 
Report. 

Compliance wells 1206MW07 and 1206MW08 will be destroyed dming implementation of the second round of 
lSCO activities in the area of the former UST pits . Replacements for these compliance wells will be installed in 

SHAW-FTC-370 



Draft Final Remedy Modification Request, Former Building 1211 Underground Storage Tank (FTC-088/SWMU 
169), Fort Carson, Colorado 
Page 12 

March 7, 2012 

accordance with the FLPM and discussed in the Presumptive Remedy Annual Progress Report due in December 
of2012. 

Schedule 

Coordination imd setup for the ISEB remedy modification will include the approval process for the CDPHE, 
registration . ~ith the UIC program, and coordination with subcontractors. This is expected to require 
approximately 4 months. Following CDPHE approval, the material orders will be placed to ensure that sufficient 
quantities can be produced and delivered to the site. Injection well installation will proceed when the necessary 
permits have been obtained. 

Baseline monitoring samples will be collected from compliance wells 1206MW10 and 1206MW11 before 
injecting the bioaugmentation substrates and amendments and the oxygen release compound slurry. Baseline 
sampling is expected to take 72 hours. 

ISEB field implementation is estimated to require approximately 1 month. Field implementation will be scheduled 
as soon as possible after receiving approval from the CDPHE and the Region 8 UIC Program. 

The monitoring period will continue quarterly and will continue for a minimum of 3 years following reduction of 
all COCs to below cleanup standards. 

Once groundwater concentrations are reduced below the applicable cleanup goals for 12 consecutive quarters (3 
years) and confinnation soil samples collected from within the former UST tanks are below screening criteria, 
Shaw will prepare a remedy completion report. This report will be submitted within 90 days of the final 
groundwater monitoring event and will detail the activities performed, analytical data collected, and contaminant 
concentration trends. 

If you have any questions or require additional information, please contact me at (720) 554-8202. 

Sincerely, 

Gary D. Parks. P.G. 
Project Manager 
Shaw Environmental, Inc. 
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APPENDIX A 
1,2-DCA Time Series Plots 
SWMU 169 
Fort Carson, Colorado 
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APPENDIX A 
1 ,2-DCA Time Series Plots 
SWMU 169 
Fort Carson, Colorado 

1,2-DCA 
(CGWS=5 

Sample Event ug/L) 

Baseline 22.8 
1010 11 
2010 19.9 
3010 28.9 
4010 26.2 
1011 17.7 
2011 15.5 
3011 14.5 

1206MW11 
1,2-DCA Concentrations (ug/L) 

35 ~-------------------------------------

~1,2-DCA (CGWS = 5 
ug/L) 
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APPENDIX B 
Basis of Estimate for ISEB Remediation 
SWMU 169 
Fort Carson, Colorado 

Summary Description 

Capital Costs 

Groundwater Remediation Cost 
Injection Well Installation 
ISEB Injections 
Subtotal Direct Costs 

Regulatory Documents 
Remedy Modification Request 
Response Complete Report 
Subtotal Indirect Costs 

Subtotal Capital Costs 

Operations & Maintenance 

Groundwater Treatment O&M Costs 
Long-Term Monitoring/Confirmatory Sampling (3 Years) 

Subtotal Capital Costs 

Total Cost 

Present Value for Capital 
Present Value for O&M 
Present Value Total 

PAGE 1 OF 1 

Costs 

$13,260 
$13,021 
$26,281 

$7,500 
$31,000 
$38,500 

$64,781 

$102,000 

$102,000 

$64,781 
$102,000 
$166,781 



EPA Site Information Request Fact Sheet 
Class V Underground Injection Control 

Aquifer Remediation Injection Wells 
Injection of Oxygenating Compounds 

The Underground Injection Control (illC) Program, created under the authority of the Safe Drinking Water Act 
(SDW A), is a preventative program aimed at protecting existing and future underground sources of drinking water 
(USDW s). Shallow wells or disposal systems that discharge fluids into the subsmface are known as Class V wells 
and can be authorized to inject by rule or permit. Class V wells that have the potential for ground water 
contamination or degradation are usually permitted. Those that do not have a potential to contribute to 
contamination or degradation of ground water are usually rule authorized, once inventory information has been 
submitted according to the requirements of 40 CFR 144.26. 

The following information is needed to evaluate the impact a shallow injection well/disposal system used for 
aquifer remediation will have on the local hydrogeologic system, potential for USDW contamination, and whether a 
permit for this operation, rather than a rule authorization, should be required. 

Please provide the following information: 

D Property owner of facility including address, phone and fax numbers. 
D Operator of facility including mailing address, phone and fax numbers. 
D Responsible party for the operation, maintenance, and closure of the injection system including address, 

phone and fax numbers. 
D Name of the facility and physical location. 

D Map of the site including extent of contaminant plume, injection well locations or general area where 
injection will occur, and proposed or existing monitoring wells. 

D Is this a proposed or existing system? 
D Name, address and phone number for contact at the State Agency authorizing site clean up. 
D Brief description of the type of contamination and when it occurred. 
D Type of proposed injection well. (example: water well, trench, injection gallery, Geoprobe, etc.) 
D Description of the proposed injectate. 
D Hydrogeologic description, location, depth, and current use (if any) of the receiving formations. 
D Estimation of time frame for when injection activities will begin and end. 



APPENDIX D 
EVO Demand 
SWMU 169 
Fort Carson, Colorado 

E s EOS® SOURCE AREA & DNAPL DESIGN WORKSHEET 

EOS ReJII(ldiation, lLC U.S. Version 2.11, Rev. Date: June 18,2008 
www.EOSRemediation.com 

Help ~~~~a~~~e: ""s:i;~:T.\_,-,A~C:'"":'~;;;6°9:i'n------------------------l 
Proiect No. : ~ 

Step 1: Select a Substrate from the EOS® Family of Bioremediation Products 

:Substrate Selected IJ>-.-. l"lln ; .. n:.1p Cll'ill 

For Product L~terature Click Here 
EOS® 598842 (Preferred for Chlorinateds) 

Step 2: EOS* Consumpt ion During Contaminant Biodegradation I Biotransformation 
Section A: Source Area Dimensions 
Umgth of treatment area para!!el to groundwats t flow, "Y: 
,WICUl of treatment area perpenalcu lar to groundwater f lOW, ~'I 

Mmimum depth to contam W'I at~n 

Mcut~mum depth of contarn~m~tion 
Treatment thickness, "z~ 

'Treatment zone cross-sectional area, A= y * z 

Section B: Groundwater Flow Rate I Site Data 
Sod Charactenstics 
NOm1nal Sc1l Type lp.-...... from U·u~ down .l ) 

!Total Ponn..ty (Hc.c :pi u'!'hh •t ore-~'"' n 1 
'[ffeelW8 Porosity ·1 tJ 1 ,.r - !cr n.) 

So11 bulk den11ty ~ l l-n)*2 65 glee 
f ract iOn of organ c. carbon: foe 

'HYdraulic Charactenslk::s 

c.oiCJ•!I§d )rl'f,!l)rC:: ybo~olli: ~OI"t& 1 f) 

60 
60 
9 

14 
0 

300 

SUI 

t 
t 
I 

t 
f 
t 
ff 
tt' 

~(decimal) 
(dec1mal) 

2 12 gltt I 
~range: 0.0001 to 0.01 

XSaura:Arto~Z~th 

y 

18.3 
18.3 
2.7 
4.3 
15 

27.9 

132 lbs/ ft3 

1Hydrau!.c Conductiv ty \D. 1...e ;I cr. a ... "' ~& ur"' I 9.3E-04!cmlsec 
l-lydrau!ic Gra(hent .t .ru.ll ur anl 1>r 

:Note: Since the hydraulic gradient (1- dJr..rU ) IS negat1ve, we ask VtxJ to enter -i In lhe E;O 
that you can enter a pos;.tiva number for convenience. 

on-reactive Transport Velocity,V, - -(K X I) I n e I 0.13 1ft/day C 0.040 1m/day 
rli'Clwaterflow n11o through tiaatment zone, Q - -KiA 58.2Bga ons/day ?_g:_Q._6_2 __ Uday 

I elt~.,.~ll ~,,, 

~n 
mart 

ii reatment zone volume 
iTreatment zone groui'Kiwater volume (volume * porosity} 

I 18,000 I"' 
~6,928ga ons 

I 510 lm' 
101 ,941L 
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Groundwater Flow 



APPENDIX D 
Intermediate Zone Lactate Demand Calculations 
Corrective Measure Implementation Work Plan 
SWMU 169 
Fort Carson, Colorado 

Site: 
Enhanced Anaerobic Reducitve Dechlorination 

Electron Acceptor and Donor Calculations Date: 02106/12 

Version: 1.0 

The following set of calculations estimate the carbon source demand reuqired to achieve complete reductive dechlorination of 
chlorinated ethenes in groundwater 
Enter the site-specific values in the cells shaded green 

1.0 Extent of Plume Requiring Remediation 

Plume Area 
Thickness of contaminated saturated zone 
Volume of contaminated saturated zone 
Porosity 
Treatment Zone Pore Volume 
Treatment Zone Pore Volume 

2.0 Dissolved Phase Electron Donor Demand 

Chemical of Concern 
Dichloroethane (1,2-DCA) 
Trichloroethene (TCE) 
Dichloroethene (DCE) - sum of all DCE isomers 
Vinyl Chloride (VC) 

3.0 Sorbed Phase Electron Donor Demand 

Soil bulk density 
Fraction of organic carbon (foe) 

Chemical of Concern 
Dichloroethane (1,2-DCA) 
Trichloroethene (TCE) 
Dichloroethene (DCE) 
Vinyl Chloride (VC) 

3,6oo fe 
26,928 gallons 

Demand MW 
(meq/mMole) (mg/mMole) 

4 98.96 
6 131.4 
4 96.9 
2 62.5 

101,922 Liters 

Cone. Eq Demand 
mg/L (meq/L) 

0.016 
0.000 
0.000 
0.000 

Total Dissolved Phase Demand (meq) 

2.31 g/cm3 144 lb/ft3 

0.005 

Koc GWConc. Soil Cone. Cont. Mass 
(Ukg) (mg/L) (mg/kg) (mg) 
1.279 0.387 0.00 2.92E+03 
107 0.000 0.00 O.OOE+OO 
80 0.000 0.00 O.OOE+OO 
2.5 0.000 0.00 O.OOE+OO 

Total Sorbed Phase Demand (meq) 

Page 1 of 2 

Demand 
(meq) 

1.59E+03 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

1.59E+03 

Demand 
(meq) 

1.18E+02 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

1.18E+02 



APPENDIXD 
Intermediate Zone Lactate Demand Calculations 
Corrective Measure Implementation Work Plan 
SWMU 169 
Fort Carson, Colorado 

4.0 Competing Electron Acceptors Demand 

Electron Acceptor 
Dissolved Oxygen 
Sulfate 
Nitrate 
Estimated Fe(lll) reduction demand 

5.0 Electron Donor Calculations 

Calculated Electron Donor Demand 
Safety Factor 
Total Demand 

Electron Donor 
Sodium Lactate (NaC3H60 3) 

6.0 Target In-Situ Concentrations 

Treatment Zone Pore Volume 

Electron Donor 
Na-Lactate (NaC3H60 3 ) 

7.0 Lacate Dosing 

Demand MW Cone. Eq Demand 
(meq/mMole) (mg/mMole) (mg/L) (meq/L) 

4 32 3 0.38 
8 96 10.00 0.83 
5 62 6.00 0.40 
1 56 0.18 

Total Competing Electron Acceptor Demand (meq) 

Moles H2/Mole meq/mMole MW 

112 2 4 

101,922 L 

Mass (kg) 
15.49 

Target ln-51tu Cone. 
(mg/L) (%) 

152 0.02 

Mass (kg) 
1.55E+01 

Demand 
(meq) 

3.85E+04 
8.49E+04 
4.11E+04 
1.82E+04 

1.83E+05 

Mass (lb) 
3.41 E+01 

If the target in-situ concentration is less than 1000 mg/L, use 1000 mg/L concentration as a default minimum level. 
Target In-Situ Concentration (mg/L) 1,000 mg/L 

Treatment Zone Pore Volume 101,922 Liters 
Total Lactate Demand 102 kg 

Concentration of Na-Lactate (delivered) 
Weight per drum 

Density of Na-Lactate Solution 
Volume per drum 

Mass of Na-lactate per drum 
Total Drums of Na-Lactate Required 

Mass of 60% lactate solution 
Volume of 60% lactate solution 

60 % (w/w) 
605 

11.176 
54.1 
165 

1 
610 
54 

Page 2 of2 

lbs (net weight) 
lb/gal 
gallons 
kg 
drums 
lbs (net weight) 
gallons 

205 liters 

205 liters 



APPENDIX D 
EVO Demand 
SWMU 169 
Fort Carson, Colorado 

Section D: Design Lifespan For One Application 
Estimated total groundwater volume treated over deiign life 

I 5 lyva~s) 
133,283 -gatlons 

Section E: Electron Acceptors 
Dissolved Phase Electron Donor Demand 

D51>0Ned Oxl"!;jeM (DO) 

N1trate N11!0gen (N0 1 ~ N) 

lsu!fate (SO/ ) 
·etrach.oroethene (?CE), C 2CI4 

Inputs 

nchloroethene (TCE), C 2HCI 

is·1,2...wcltloroethene {c-DCE), C..:H~CI• 

myl Chloride (VC), CJ'ilCl 

arbon tetrachlorrde, cct. 
Chloroform, CHCI 3 

i}'l'n-tetract1broaU\nrw, C2H2CI4 

1,1,1·Tnchloroethane (TCA}, CH CCI 

1, 1-Dichloroethane (DCA), CH 2CH Cl, 
Ch!oroethane, CJ-ir,CI 

Pfl rc.'liOJ'Bte, CI04 

He:.:avalent Chror"':::.u~m~-.=C:;1V~IJ..I ---------------
:U&er added I I 
[U:~>er added . • 
Uw r sdded 

Sorbed Phase Electron Donor Demand 

Typical VZI ue 

to 
t to 10 

ti to ·· 

GWConc. 
(mg/L) 

10 

0.387 

,The coocentrat!on of the sorbed contaminant can be esi.Jmated by: C soJL = Kac x f~- X CwATER 

Where: K lo'l is partition coeffictent with respect to organic carbon. 

.. ,. 5 to Nr ~!I 

I 504,566 IL 

MW e equivJ 
(g/mole) mole 

32.0 4 

62.0 5 

96.1 8 

165.8 8 

131.4 6 

96.9 4 

62.5 2 
153.8 8 

119.4 6 

167.8 8 
133.4 6 

99.0 4 

64.9 2 
99.4 8 
52.0 3 

J,. (fraction organic carbon) is the mass of organ1c matter in soil divided by the total mass of soil 

C .UAn/1 is the concentration of the contaminant In the groundwater 

Stoichiometry 
Contaminant!H 

' (wtlwtH,) 

7.94 

12.30 

11.91 

20.57 

21.73 

24.05 

31.00 
19.08 

19.74 

20.82 
22.06 

24.55 

32.18 

12.33 
17.20 

Hydrogen 
Demand 
(gH,) 

190.7141237 

205.0450549 

423.5391474 

7.955149171 

Default values for Koc taken from: US EPA, Superfund Section, APPENDIX K, Soil Organ.c Carbon (Koc) I Water (Kow) Partition Coefficients (Average Value Used) 

'" 
ITetrachloroethene (PCE), C _ Cl4 

rlchloroethene (TCE), C HCI 

s-1 2-dh::hi.aroethe"e (c-DCE). C,H ,CI; 

Ll'lyl Chloride tvC), C~H _ Cl 

Caroon tetrachiOnl;le, CCI 4 

hiOrOform, CHCI . 

.s}'m- tetracnoroethane, C~H2Cl 4 
1 .1, 1-Tnchloroethane (TCA), CH 1CC! 

1.1-D1ch!oroe111ane ~DCA). CH~CHCl~ 

U&a~ added 

Usar added 

U5f::lr added 

K~
:llkQJ 

~ 
97 

38 

241 

~ 
53 

E._ 
139 

54 I 

c .\0/L 
(mg/Kg) 

0.10 I 

Mass 
(g) 

112.91 

Hydrogen 
Demand 
(gH,) 

4.60 
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APPENDIX D 
EVO Demand 
SWMU 169 
Fort Carson, Colorado 

-
Section F: Additional Hydroaen Demand and Carbon losses 

Generation (Potential Amount Formed) Typical Value 

.Est.muted Amount of Fe2 .. Formed Hllo h11l 

.Cfttlmated Amount of Manganese (Mn.t•l Formed 

Estimated Amount of CH4 Formed ~ lD 20 

Tarqet Amount of DOC to Release '.)_ h .. . o.JU 

Design Safety Factor: I 2.0 ty~ ca· ·.-~~a ... 110 

GWConc. MW 
(rng/L) (glmole) 

50 55.8 
5 54.9 
10 16.0 
80 12.0 

Calculations assume: 

e equlv./ 
Stoichiometry Hydrogen 

DOC Released Contaminant I Demand 
mole H, (gH,) (motes) 

1 55.41 455.3244919 

2 27.25 92.56833613 
8 1.99 2536.007505 

3360.69 

1 .) all reactions go to completion during passage through emulsified edible oil treated zone; and, 
2.} perfect reaction stoichiometry. 

Eos• Requirement Calculations Based on Hydrogen Demand and Carbon Losses 
Stoichiometric Hydrogen Deman~:~ I 17.3 'pounds 
DOC Released 383.7 :pounds 

EOS~ Requirement Based on 

Hydrogen Demand and Carbon Loss 

I 462 ltbs 

Stop 3: EOS"' Requirement Based on Attachment by Aquifer Material 
Soil Characterist ics EOs- Attachment by Aquifer Matarlal1 

l:tfective treatment thickness, "z." l'fPtCd , 111 l!1<11r -4l I ---=r Fine sand with some day 0.001 to 0.002 1bs EOS"' / lbs soU 

For Additionallnfonnatlon on Eft'•CIIV• Thle1tnu&, ~ ~ SDnd v.i!h high•r silt/clay content 0.002 to 0.004 lbs Eos- f ibs soil 
1 Default values provided based on laboraW:Ir)' studies completed by NCSU 

WetgJ'l t of sediment to be treated lbs For Additional Data, Cllck Here ~ 

Adsorptive Capac~ty of Soll ta.ccl .,;.1 ct. aLII( Olltl'llor ••It! lpet.lt•..i ... n ..... tt) I 0.0040 lbs EOS" /Ibs se111ment 

Eos• Requi rement Based on 

011 Entrapment by Aquifer Material 

lbs 

Summary - How much Eos• do you nelld? 

Suggested Quanti ty of EOSi!l I 2 I drums 
f or Your Project 

Copyright® 2002 - 2007 EOS RemedlaUon, Inc. 
All Rights Reserved 

tExcluslve IK:ense agreement with Solutions~lES under U.S. Patent# 6,398,960, E.U. Patent# EP 1 315 675 and several other pendtng mternat:an.al patents. 
ttEOS® is a registered trademark of EOS Remed!atlon, LLC 

Page 3 of3 
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APPENDIX D 
SDC-9 Demand 
SWMU 169 
Fort Carson, Colorado 

!Treatment Area Dimensions 
Length of treatment araa parallel to groundwater now," x• 
Width of treatment an•• perpendicular to groundwa~ now, ~ Y" 
Minimum depth to contamination, "A" 
Maximum depth of contamination, "B" 

reatment thickness, •z• 

Site Data 
Soil Characterisllcs 

Nomina! Soil Type !enl•r clay, "11tty und, or Yrld) 
Hydraulic Characteristics 

!Effective Porosity 'ace~~ pt. He!aul or llnlar " .. } 

reatmemt zone volume 
reatment zone water volume 

Dechlorinating Consortium Concentration 

Dehalococcoldes like organlsms/L as determined by qPCR 

Design Final Concentration (DHCIL) {Kapt defa~:t or en• t:OneaOtr.arp,) 

............... ., ....... . __... 

SDC-9 Dosage Estimating Software 

Site Name: SWMU 169 
Location: .;F'Ct..:;C;,:a::,rs::'o'::n'c, c"'o"--------------------------1 
Proiect No.: 132626 

mh 
ft 
ft 
ff 
ff 

I ~·l ty ctay ] 

I . : :: _ I Cdacimall 

1~:~ m 
2.7 m 
4.3 m 
1.5 m 

I 3,600 IH' I 101,941 IL 

>I 1.0E+11 I 

"B"l 

I 500E+OO I IY!>k'ihar..n5x111'"' h 1D' 

[__0-

"X" 

~~~~r .. z· 

Copy Right Shaw Environmental, Inc. (2006 
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APPENDIXE 
ISEB Injection System 
System Measurements Field Form 
SWMU 169 
Fort Carson, Colorado 

Pre-Batch Water Transfer Flowmeter Reading : 

Injection parameter 

TIME: 

Manifold (psi) 

Injection well (psi} 

Flow rate (gpm) 

Flow total (gal) 

TIME: 

Manifold (psi) 

Injection well (psi) 

Flow rate (gpm) 

Flow total (gal) 

TIME: 

Manifold (psi) 

Injection well (psi) 

Flow rate (gpm) 

Flow total (gal) 

TIME: 

Manifold (psi) 

Injection well (psi) 

Flow rate (gpm) 

Flow total (gal) 

• denotes calculated values. 
gal denotes gallons. 
gpm denotes gallons per minute. 
ISEB denotes in situ enhanced biaremediatian. 
psi denotes pounds per square inch. 

INJ. Point 

INITIAL 

gallons 

INJECTION POINT 

INJ. Point INJ. Point 

INITIAL INITIAL 

Initial pressures measured during initial injection to be maintained below 15 psi far injection well screens. 

Page 1 of2 
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System measurements 
INJ. Point 

INITIAL INITIAL 

Pre-filter (psi) 

Post-filter (psi) 

Injection pump (psi) 

Injection flow (gpm) 

Injection vol. (gal)* 

Pre-filter (psi) 

Post-filter (psi) 

Injection pump (psi) 

Injection flow (gpm)* 

Injection vol. (gal)* 

Pre-filter (psi) 

Post-filter (psi) 

Injection pump (psi) 

Injection flow (gpm)* 

Injection vol. (gal)* 

Pre-filter (psi) 

Post-filter (psi) 

Injection pump (psi) 

Injection flow (gpm)* 

Injection vol. (gal)* 



APPENDIX E 
ISEB Injection System 
Water Level Measurements Field Form 
SWMU 169 
Fort Carson, Colorado 

Sample 
Schedule Time 

(Hour: Min) 
Initial 

BTOC denotes below top of casing. 
C denotes Celsius. 
ISEB cfeno/es in sffu enhanced bioremediaUon. 
mg/L denotes milligrams per filer. 
mS/cm deno/es mi/lisiemens per centimeter. 
mV denotes millivolt. 

Depth to 
water 

(feet BTOC) 

Dissolved Specific 
oxygen Redox Conductivity pH Temperature Water color 
(mg/L) (mV) (mS/cm) (C) 
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FTC Class V UIC Authorization Change 
Gallagher, Patrick M 
to: 
Howard Urband 
01114/2013 09:52AM 
Hide Details 

Page 1 of2 

From: "Gallagher, Patrick M" <patrick.gallagher@shawgrp.com> 

To: Howard Urband/R8/USEPAIUS@EPA 

Howard, 

Shaw is requesting the following change to the January 7, 2013 Class V UIC Program Rule Authorization letter for 

Fort Carson Former Bldg 1211, Chiles Avnenue and Evans Street, Fort Carson, CO: 

• Please change "additional injections of sodium persulfate and hydrogen peroxide ... " to "additional 

injections of sodium persulfate and sodium hydroxide ... " 

If you have any questions, please email or call. 

Thanks, 
Pat 

Patrick Gallagher 
Federal Applied Sciences & Engineering 
Shaw Environmental & Infrastructure Group 
9201 E. Dry Creek Rd 
Centennial, CO 80112 

Ute Permit II; 

lnv 

Permit Form 

UIC Class V File 

IS...o S DO 00 .. 0 ~ C:.6J 

lnspec MollitDr fM Opernor Stllte 

Report Report Corre~ Corresp Corresp 
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Table 2 
Summary of Water Level Information 
SWMU 169 
Fort Carson, Colorado 

Total Depth 
Site ID Date (feet below 

TOC) 
1206MW01A 01/11/10 18.11 

03/08/10 
06/21/10 
09/21/10 
12109/10 
03/14/11 
06/21/11 
09/19/11 
12/13/11 

1206MW03 01/11/10 14.89 
03/08/10 
06/21/10 
09/21/10 
12109/10 
03/14/11 
06/21/11 
09/19/11 
12/13/11 

1206MW05 01/11/10 14.9 
03/08/10 
06/21/10 
09/21/10 
12/09/10 
03/14/11 
06/21/11 
09/19/11 
12113/11 

1206MW07 01/11/10 14.85 
03/08/10 
06/21/10 
09/21/10 
12/09/10 
03/14/11 
06/21/11 
09/19/11 
12/13/11 

1206MW08 01/11/10 18.08 
03/08/10 
06/21/10 
09/21/10 
12109/10 
03/14/11 
06/21/11 
09/19/11 
12/13/11 

1206MW09 01/11/10 13.75 
03/08/10 
06/21/10 
09/21/10 
12/09/10 
03/14/11 
06/21/11 
09/19/11 
12113/11 

TOC Elevation Depth to Groundwater 
(feet msl) (feet below TOC) 

5862.47 12.42 
12.24 
10.64 
8.63 
10.33 
11.87 
10.18 
9.44 
10.32 

5862.82 12.81 
13.62 
12.83 
12.18 
12.54 
13.55 
13.79 
13.29 

13 
5864.22 NM 

NM 
NM 
NM 
NM 

14.50 
14.51 
14.06 
13.68 

5861.71 11 .66 
9.6 

10.77 
10.12 
10.7 
11.75 
12.13 
11.43 
11.35 

5862.31 12.36 
11.25 
11 .68 
10.9 

11 .74 
13 

12.89 
12 

inaccessible 

5860.89 11.87 
11.76 
10.6 
9.74 
10.82 
12.48 
11 .85 
10.94 
10.62 
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Groundwater 
Elevation 

Elevation 
Change(+/- feet) 

(feet msl) 
5850.05 -
5850.23 0.18 
5851.83 160 
5853.84 2.01 
5852.14 -1 .70 
5850.60 -1.54 
5852.29 1.69 
5853.03 0.74 
5852.15 -0.88 
5850.01 --
5849.20 -0.81 
5849.99 0.79 
5850.64 0.65 
5850.28 -0.36 
5849.27 -1 .01 
5849.03 -0.24 
5849.53 050 
5849.82 0.29 

- --
-- --
-- --
-- --
-- --

5849.72 --
5849.71 -0.01 
5850.16 0.45 
5850.54 0.38 
5850.05 --
5852.11 2.06 
5850.94 -1 .17 
5851 .59 0.65 
5851 .01 -0.58 
5849.96 -1.05 
5849.58 -0.38 
5850.28 0.70 
5850.36 0.08 
5849.95 --
5851 .06 1.11 
5850.63 -0.43 
5851 .41 0.78 
5850.57 -0.84 
5849.31 -1.26 
5849.42 0.11 
5850.31 0.89 

- --
5849.02 --
5849.13 0.11 
5850.29 1.16 
5851.15 0.86 
5850.07 -1.08 
5848.41 -1.66 
5849.04 0.63 
5849.95 0.91 
5850.27 0.32 



Table 2 
Summary of Water Level Information 
SWMU 169 
Fort Carson, Colorado 

Total Depth 
Site ID Date (feet below 

TOC) 
1206MW10 01/11/10 12.68 

03/08/10 
06/21/10 
09/21/10 
12/09/10 
03/14/11 
06/21/11 
09/19/11 
12/13/11 

1206MW11 01/11/10 13.99 
03/08/10 
06/21/10 
09/21/10 
12/09/10 
03/14/11 
06/21/11 
09/19/11 
12/13/11 

1206MW12 01/11/10 13.88 
03/08/10 
06/21/10 
09/21/10 
12/09/10 
03/14/11 
06/21/11 
09/19/11 
12/13/11 

1206MW13 01/11/10 13.87 
03/08/10 
06/21/10 
09/21/10 
12/09/10 
03/14/11 
06/21/11 
09/19/11 
12/13/11 

LF6MW08 01/11/10 13.03 
03/08/10 
06/21/10 
09/21/10 
12/09/10 
03/14/11 
06/21/11 
09/19/11 
12/13/11 

TOC Elevation Depth to Groundwater 
(feet msl) (feet below TOC) 

5861.33 11 .56 
10.4 
10.84 
9.78 
10.97 
12.23 
11 .73 
10.82 
11.08 

5861.67 12.54 
10.35 
11.8 
10.83 
11 .34 
12.75 
12.92 
11 .22 
11 .76 

5863.29 13.17 
12.95 
12.68 
12.17 
12.16 
13.53 
13.75 
13.29 
13.01 

5861.48 11.47 
11 

11 .29 
10.1 1 
10.93 
11.4 
11.84 
10.12 
11 .58 

5864 12.59 
7.9 

11 .94 
11 .28 
12.21 
12.57 
12.95 
12.46 
12.75 

Elevations expressed in feet above mean sea level using North American Vertical Datum 1988 (NAVD88). 

Elevation change over a 12- and 6-month period. 

•• denotes not applicable. 

ID denotes identificafion. 

msl denotes above mean sea level. 

TOG denotes top of casing. 
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Groundwater 
Elevation 

Elevation 
Change(+/- feet) 

(feetmsl) 
5849.77 --
5850.93 1.16 
5850.49 -0.44 
5851.55 1.06 
5850.36 -1.19 
5849.10 -1 .26 
5849.60 0.50 
5850.51 0.91 
5850.25 -0.26 
5849.13 --
5851 .32 2.19 
5849.87 -1.45 
5850.84 0.97 
5850.33 -0.51 
5848.92 -1.41 
5848.75 -0.17 
5850.45 1.70 
5849.91 -0.54 
5850.12 --
5850.34 0.22 
5850.61 0.27 
5851.12 0.51 
5851.13 0.01 
5849.76 -1.37 
5849.54 -0.22 
5850.00 0.46 
5850.28 0.28 
5850.01 --
5850.48 0.47 
5850.19 -0.29 
5851.37 1.18 
5850.55 -0.82 
5850.08 -0.47 
5849.64 -0.44 
5851.36 1.72 
5849.90 -1.46 
5851 .41 --
5856.10 4.69 
5852.06 -4.04 
5852.72 0.66 
5851.79 -0.93 
5851.43 -0.36 
5851 .05 -0.38 
5851 .54 0.49 
5851 .25 -0.29 



Table 3 
ISEB Injection Parameters 
SWMU 169 
Fort Carson, Colorado 

Extent of Plume Parameter Units 

Length 
Width 
Saturated Thickness 
Effective Porosity 

Treatment Zone Pore Volume 
Treatment Zone Pore Volume 
Number of points 
Dosing Parameters 
DrumsofEOS 
Total EOS required 
EOS per injection well 
Drums of lactate 
Total lactate required 
Lactate per injection well 
Water per well' 
Total volume per well' 
Total SDC-9 required 
SDC-9 volume per well .. 

0 U IOn 1xmg ar on M Cb Sit 
Total mixing volume 
Tanks 
EVO 
Lactate 
Water 
Mixing SDC-9 Solution 
Total mixing volume 
Tanks 
Lactate 
Water 
SDC-9 

ura 1on o ar on n]ecllon D fC b 
Injection points 
Simultaneous injection points 
Total volume injected 
Volume per injection well 
Injection rate 
Hours of injection per day 
Hours of injection 
Time of injection 
Duration of SDC-9 Injection 
Injection points 
Simultaneous injection points 
Total volume injected 
Volume per injection well 
Injection rate 
Hours of injection per day 
Hours of injection 
Time of injection 

Highlighted cells denotes input parameters. 

• denotes not inclusive of SDC-9 water volume requirements. 

• denotes not inclusive of SDC-9 water volume requirements. 

EVO denotes emulsified vegetable oil. 

SDC-9 denotes Shaw's Dechlorinating Consortium. 

60 feet 
60 feet 
5 feet 

0.2 

3,600 Ieee 
26,928 I gallons 

11lpoints 

2 drums 
110 I gallons 
10.0 !gallons 

1 drums 
55 !gallons 
5.0 !gallons 

2,433 I gallons 
2,448 I gallons 

5 Liters 
0.45 Liters 

11,000 !gallons 
2.1 tanks 
52 gallons 
26 gallons 

5,163 gallons 

22 gallons 
1.0 tanks 
12 gallons 

22 gallons 
5 Liters 

11 
6lpoints 

11,000 !gallons 
1,000 !gallons 

2lgal/min 
8 hours 

15.3 hours 
1.9 days 

11 
6 points 

22 I gallons 
2lgallons 
3lgal/min 
8 hours 

0.0 hours 
0.0 days 
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MATERIAL SAFETY DATA SHEET 
Sodium Persulfate 

MSDS Ref. No.: 7775-27-1 
Date Approved: 06/01/2009 

Revision No.: 13 

This document has been prepared to meet the requirements of the U.S. OSHA Hazard Communication 
Standard, 29 CFR 1910.1200 and Canada's Workplace Hazardous Materials Information System (WHMIS) 
requirements. 

1. PRODUCT AND COMPANY IDENTIFICATION 
PRODUCT NAME: 

SYNONYMS: 

GENERAL USE: 

MANUFACTURER 
FMC CORPORATION 
FMC Peroxygens 
1735 Market Street 
Philadelphia, P A 19103 

Sodium Persulfate 

Sodium Peroxydisulfate; Disodium Peroxydisulfate 

Polymerization initiator. Etchant and cleaner in manufacture of 
printed circuit boards. Booster in hair bleaching formulations in 
cosmetics. Secondary oil recovery systems as a polymerization 
initiator and a gel breaker. 

EMERGENCY TELEPHONE NUMBERS 
(303) 595-9048 (Medical- U.S. -Call Collect) 

For leak, fire, spill, or accident emergencies, call; 
(800) 424-9300 (CHEMTREC- U.S.A. & Canada) 

(215) 299-6000 (General Information) 
msdsinfo@fmc.com (Email - General Information) 

2. HAZARDS IDENTIFICATION 
EMERGENCY OVERVIEW: 
• White, odorless, crystals 
• Oxidizer. 
• Decomposes in storage under conditions of moisture (water/water vapor) and/or excessive heat causing 

release of oxides of sulfur and oxygen that supports combustion. Decomposition could form a high 
temperature melt. See Section 10 ("Stability and Reactivity"). 

POTENTIAL HEALTH EFFECTS: Airborne persulfate dust may be irritating to eyes, 
nose, lungs, throat and skin upon contact. Exposure to high levels of persulfate dust may cause difficulty in 
breathing in sensitive persons. 
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Sodium Persulfate (7775-27-1) Date: 06/01/2009 

3. COMPOSITION I INFORMATION ON INGREDIENTS 

Chemical Name CAS# Wt.% ECNo. EC Class 

Sodium Persulfate 7775-27-1 >99 231-892-1 Xn-0; R8-R22-R36/37/38-
R42/43 

4. FIRST AID MEASURES 
EYES: Flush with plenty of water. Get medical attention if irritation occurs and persists . 

. SKIN: Wash with plenty of soap and water. Get medical attention if irritation occurs and persists. 

INGESTION: Rinse mouth with water. Dilute by giving 1 or 2 glasses of water. Do not induce 
vomiting. Never give anything by mouth to an unconscious person. See a medical doctor immediately. 

INHALATION: Remove to fresh air. If breathing difficulty or discomfort occurs and persists, 
contact a medical doctor. 

NOTES TO MEDICAL DOCTOR: This product has low oral toxicity and is not irritating to 
the eyes and skin. Flooding of exposed areas with water is suggested. For gastric lavage or emesis 
induction, consider the possible aggravation of esophageal injury, and the expected absence of system 
effects. Treatment is controlled removal of exposure followed by symptomatic and supportive care. 

5. FIRE FIGHTING MEASURES 

EXTINGUISHING MEDIA: Deluge with water. 

FIRE I EXPLOSION HAZARDS: Product is non-combustible. On decomposition releases 
oxygen which may intensify fire. Presence of water accelerates decomposition. 

FIRE FIGHTING PROCEDURES: Do not use carbon dioxide or other gas filled fire 
extinguishers; they will have no effect on decomposing persulfates. Wear full protective clothing and self-
contained breathing apparatus. · 

FLAMMABLE LIMITS: Non-combustible 

SENSITIVITY TO IMP ACT: No data available 
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Sodium Persulfate (7775-27-1) Date: 06/01/2009 

SENSITIVITY TO STATIC DISCHARGE: Not available 

6. ACCIDENTAL RELEASE MEASURES 

RELEASE NOTES: Spilled material should be collected and put in approved DOT container and 
isolated for disposal. Isolated material should be monitored for signs of decomposition (fuming/smoking). 
If spilled material is wet, dissolve with large quantity of water and dispose as a hazardous waste. All 
disposals should be carried out according to regulatory agencies procedures. 

7. HANDLING AND STORAGE 
HANDLING: Use adequate ventilation when transferring product from bags or drums. Wear 
respiratory protection if ventilation is inadequate or not available. Use eye and skin protection. Use clean 
plastic or stainless steel scoops only. 

STORAGE: Store (unopened) in a cool, clean, dry place away from point sources of heat, e.g. 
radiant heaters or steam pipes. Use first in, first out storage system. Avoid contamination of opened 
product. In case of fire or decomposition (fuming/smoking) deluge with plenty of water to control 
decomposition. For storage, refer to NFP A Bulletin 430 on storage ofliquid and solid oxidizing materials. 

COMl\fENTS: VENTILATION: Pro~ide mechanical general and/or local exhaust ventilation to 
prevent release of dust into work environment. Spills should be collected into suitable containers to prevent 
dispersion into the air. 

8. EXPOSURE CONTROLS I PERSONAL PROTECTION 
EXPOSURE LIMITS 

Chemical Name ACGIH OSHA Supplier 

Sodium Persulfate 0.1 mg/m3 (TWA) 

ENGINEERING CONTROLS: Provide mechanical local general room ventilation to 
prevent release of dust into the work environment. Remove contaminated clothing immediately and wash 
before reuse. 

PERSONAL PROTECTIVE EQUIPMENT 

EYES AND FACE: Use cup type chemical goggles. Full face shield maybe used. 

RESPIRATORY: Use approved dust respirator when airborne dust is expected. 
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Sodium Persulfate (7775-27-1) Date: 0610112009 

PROTECTIVE CLOTHING: Normal work clothes. Rubber or neoprene footwear. 

GLOVES: Rubber or neoprene gloves. Thoroughly wash the outside of gloves with soap and 
water prior to removal. Inspect regularly for leaks. 

9. PHYSICAL AND CHEMICAL PROPERTIES 
ODOR: 

APPEARANCE: 

AUTO IGNITION TEMPERATURE: 

BOILING POINT: 

COEFFICIENT OF OIL I WATER: 

DENSITY I WEIGHT PER VOLUME: 

EVAPORATION RATE: 

FLASH POINT: 

MELTING POINT: 

ODOR THRESHOLD: 

OXIDIZING PROPERTIES: 

PERCENT VOLATILE: 

pH: 

SOLUBILITY IN WATER: 

SPECIFIC GRAVITY: 

VAPOR DENSITY: 

VAPOR PRESSURE: 

None 

White crystals 

Not applicable. No evidence of combustion up to 800°C. 
Decomposition will occur upon heating. 

Not applicable 

Not applicable 

Not available 

Not applicable (Butyl Acetate= 1) 

Non-combustible 

Decomposes 

Not applicable 

Oxidizer 

Not applicable 

typically 5.0- 7.0 @ 25 oc (1% solution) 

73 % @ 25 oc (by wt.) 

2.6 (H20=1) 

Not applicable (Air= 1) 

Not applicable 

10. STABILITY AND REACTIVITY 
CONDITIONS TO A VOID: 

STABILITY: 

POLYMERIZATION: 

INCOMPATIBLE MATERIALS: 
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Heat, moisture and contamination. 

Stable (becomes unstable in presence of heat, 
moisture and/or contamination). 

Will not occur 

Acids, alkalis, halides (fluorides, chlorides, 
bromides and iodides), combustible materials, most 
metals ancl heavy metals, oxidizable materials, 
other oxidizers, reducing agents, cleaners, and 
organic or carbon containing compounds. Contact 



Sodium Persulfate (7775-27-l) Date: 06/0l/2009 

with incompatible materials can result in a material 
decomposition or other uncontrolled reactions. 

HAZARDOUS DECOMPOSITION PRODUCTS: Oxygen that supports combustion and oxides of 
sulfur. 

COMMENTS: PRECAUTIONARY STATEMENT: Use ofpersulfates in chemical reactions 
requires appropriate precautions and design considerations for pressure and thermal relief. 

Decomposing persulfates will evolve large volumes of gas and/or vapor, can accelerate exponentially with 
heat generation, and create significant and hazardous pressures if contained and not properly controlled or 
mitigated. 

Use with alcohols in the presence of water has been demonstrated to generate conditions that require 
rigorous adherence to process safety methods and standards to prevent escalation to an uncontrolled 
reaction. 

11. TOXICOLOGICAL INFORMATION 
EYE EFFECTS: Non-irritating (rabbit) [FMC Ref. ICG/T-79.029] 

SKIN EFFECTS: Non-irritating (rabbit) [FMC Ref. ICG/T-79.029] 

DERMAL LD50 : > 10 g/kg [FMC Ref. ICG/T-79.029] 

ORAL LDso: 895 mg/kg (rat) [FMC Ref. ICG/T-79.029] 

INHALATION LCso: 5.1 mg/l (rat) [FMC Ref. 195-2017] 

SENSITIZATION: May be sensitizing to allergic persons. [FMC Ref. ICG/T-79.029) 

TARGET ORGANS: Eyes, skin, respiratory passages 

ACUTE EFFECTS FROM OVEREXPOSURE: Dust may be harmful and irritating. 
May be harmful if swallowed. 

CHRONIC EFFECTS FROM OVEREXPOSURE: Sensitive persons may develop 
dermatitis and asthma [Respiration 38:144, 1979]. Groups of male and female rats were fed 0, 300 or 3000 
ppm sodium persulfate in the diet for 13 weeks, followed by 5000 ppm for 5 weeks. Microscopic 
examination of tissues revealed some injury to the gastrointestinal tract at the high dose (3000 ppm) only. 
This effect is not unexpected for an oxidizer at high concentrations. [Ref. FMC 190-1151, Toxicologist 
1:149, 1981]. 
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Sodium Persulfate (7775-27-1) 

CARCINOGENICITY: 
NTP: 

IARC: 

OSHA: 

OTHER: 

Not listed 

Not listed 

Not listed 

ACGIH: Not listed 

12. ECOLOGICAL INFORMATION 
ECOTOXICOLOGICAL INFORMATION: 

Bluegill sunfish, 96-hour LC50 = 771 mg/L [FMC Study 192-1250] 
Rainbow trout, 96-hour LC50 = 163 mg/L [FMC Study 192-1251] 
Daphnia, 48-hour LC50 = 133 mg/L [FMC Study 192-1252] 
Grass shrimp, 96-hour LC50 = 519 mg!L [FMC Study 192-1253] 

Date: 06/01 /2009 

CHEMICAL FATE INFORMATION: Biodegradability does not apply to inorganic 
substances. 

13. DISPOSAL CONSIDERATIONS 
DISPOSAL METHOD: Dispose as a hazardous waste in accordance with local, state and federal 
regulatory agencies. 

14. TRANSPORT INFORMATION 

U.S. DEPARTMENT OF TRANSPORTATION (DOT) 

PROPER SHIPPING NAME: 

PRIMARY HAZARD CLASS I DIVISION: 

UN/NA NUMBER: 

PACKING GROUP: 

LABEL(S): 

PLACARD(S): 

MARKING(S): 

ADDITIONAL INFORMATION: 
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Sodium Persulfate 

5 .I (Oxidizer) 

UN 1505 

III 

5.1 (Oxidizer) 

5.1 (Oxidizer) 

Sodium Persulfate, UN 1505 

Hazardous Substance/RQ: Not applicable 



Sodium Persulfate (7775-27-1) Date: 06/0112009 

49 STCC Number: 4918733 

This material is shipped in 225 lb. fiber 
drums, 55 lb. poly bags and 1000- 2200 lb. 
IBC's (supersacks). 

INTERNATIONAL MARITIME DANGEROUS GOODS (IMDG) 

PROPER SHIPPING NAME: Sodium Persulfate 

INTERNATIONAL CIVIL AVIATION ORGANIZATION (ICAO) I 
INTERNATIONAL AIR TRANSPORT ASSOCIATION (lATA) 

PROPER SHIPPING NAME: Sodium Persulfate 

OTHER INFORMATION: 
Protect from physical damage. Do not store riear acids, moisture or heat. 

15. REGULATORY INFORMATION 

UNITED STATES 

SARA TITLE III (SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT) 

SECTION 302 EXTREMELY HAZARDOUS SUBSTANCES (40 GFR 355, APPENDIX A): 
Not applicable 

SECTION 311 HAZARD CATEGORIES (40 CFR37Q): 
Fire Hazard, Immediate (Acute) Health Hazard 

SECTION :H2 THRESHOLD PLANNING QUANTITY (40 CFR 370): 
The Threshold Planning Quantity (TPQ) for this product, if treated as a mixture, is 10,000 1bs; 
however, this product contains the following ingredients with a TPQ ofless than 10,000 1bs.: 
None 

SECTION 313 REPORTABLE INGREDIENTS (40 CFR 372): 
There are no ingredients in this product, which are subject to Section 313 reporting 
requirements. 

CERCLA (COMPREHENSIVE ENVIRONMENTAL RESPONSE COMPENSATION AND 
LIABILITY ACT) 

CERCLA DESIGNATION & REPORTABLE QUANTITIES (RQ) (40 CFR 302.4): 
Unlisted, RQ = lOO 1bs., Ignitability 
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Sodium Persulfate (7775-27-1) 

TSCA (TOXIC SUBSTANCE CONTROL ACT) 

TSCA INVENTORY STATUS (40 CFR 710): 
All components are listed or exempt. 

RESOURCE CONSERV ATJON AND RECOVERY ACT (RCRA) 

Date: 06/01/2009 

RCRA IDENTIFICATION OF HAZARDOUS WASTE (40 CFR 261): 
Waste Number: D001 

CANADA 
WHMIS (WORKPLACE HAZARDOUS MATERIALS INFORMATION SYSTEM): 

This product has been classified in accordance with the hazard criteria of the Controlled Products 
Regulations and the MSDS contains all the information required by the Controlled Products 
Regulations. 

Hazard Classification I Division: C 
D2A 
D2B 

Domestic Substance List: All components are listed or exempt. 

INTERNATIONAL LISTINGS 
Australia (AICS): Listed 
China: Listed 
Japan (ENCS): (1)-1131 
Korea: KE-12369 
Philippines (PICCS): Listed 
New Zealand: Listed 

HAZARD AND RISK PHRASE DESCRIPTIONS: 

EC Symbols: 

EC Risk Phrases: 

Xn 
0 

(Harmful) 
(Oxidizer) 

R8 (Contact with combustible material may cause fire) 
R22 (Harmful if swallowed.) 
R3 6/3 7/3 8 (Irritating to eyes, respiratory system and skin.) 
R42/43 (May cause sensitization by inhalation or by skin contact.) 

16. OTHER INFORMATION 
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Sodium Persulfate (7775-27-1) Date: 06/0112009 

Health l 
Flammability 0 
Physical Hazard 1 
Personal Protection (PPE) J 

Protection= J (Safety goggles, gloves, apron & combination dust & vapor respirator) 

HMIS = Hazardous Materials Identification System 

Degree ofHazard Code: 
4 =Severe 
3 =Serious 
2 =Moderate 
1 =Slight 
O=Minimal 

Health 
Flammability 
Reactivity 
Special 

SPECIAL= OX (Oxidizer) 

1 
0 
1 

ox 

NFP A (National Fire Protection Association) 

Degree of Hazard Code: 
4 =Extreme 
3 =High 
2 =Moderate 
1 =Slight 
0 = Insignificant 

REVISION SUMMARY: 
This MSDS replaces Revision #12, dated April 30, 2006. 
Changes in information are as follows: 
Section 1 (Product and Company Identification) 
Section 3 (Composition I Information on Ingredients) 
Section 15 (Regulatory Information) 
Section 16 (Other Information) 

FMC- Trademark of FMC Corporation 

© 2009 FMC Corporation. All Rights Reserved. 

FMC Corporation believes that the information and recommendations contained herein (including data and 
statements) are accurate as of the date hereof. NO WARRANTY OF FITNESS FOR ANY PARTICULAR 
PURPOSE, WARRANTY OF MERCHANTABILITY, OR ANY OTHER WARRANTY, EXPRESSED 
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Sodium Persulfate (7775-27-l) Date: 06/0 l/2009 

OR IMPLIED, IS MADE CONCERNING THE INFORMATION PROVIDED HEREIN. The information 
provided herein relates only to the specific product designated and may not be applicable where such 
product is used in combination with any other materials or in any process. It is a violation ofFederallaw to 
use this product in a manner inconsistent with its labeling. Further, since the conditions and methods of use 
are beyond the control of FMC Corporation, FMC Corporation expressly disclaims any and all liability as 
to any results obtained or arising from any use of the product or reliance on such information. 
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Health 3 

Fi.-e 0 

R~activity 2 

Material Safety Data Sheet 
Sodium hydroxide MSDS 

Section 1: Chemical Product and Company Identification 

Product Name: Sodium hydroxide 

Catalog Codes: SLS3298, SLS1 081, SLS2503, SLS3925, 
SLS1705 

CAS#: 1310-73-2 

RTECS: WB4900000 

Contact Information: 

Sciencelab.com, Inc. 
14025 Smith Rd. 
Houston, Texas 77396 

US Sales: 1-800-901-7247 
International Sales: 1-281-441-4400 

Order Online: ScienceLab.com 

Person a I 
P.-ote ctio n 

TSCA: TSCA 8(b) inventory: Sodium hydroxide 

Cl#: Not available. CHEMTREC {24HR Emergency Telephone), call: 
1-800-424-9300 

Synonym: Caustic Soda 

Chemical Name: Sodium Hydroxide 

Chemical Formula: NaOH 

International CHEMTREC, call: 1-703-527-3887 

For non-emergency assistance, call: 1-281-441-4400 

Section 2: Composition and Information on Ingredients 

Composition: 

Name CAS# %by Weight 

Sodium hydroxide 1310-73-2 100 

Toxicological Data on Ingredients: Sodium hydroxide LD50: Not available. LC50: Not available. 

Section 3: Hazards Identification 

Potential Acute Health Effects: 
Very hazardous in case of skin contact (corrosive, irritant, permeator), of eye contact (irritant, corrosive), of ingestion, 
of inhalation. The amount of tissue damage depends on length ofcontact. Eye contact can result in corneal damage or 
blindness. Skin contact can produce inflammation and blistering. Inhalation of dust will produce irritation to gastro-intestinal or 
respiratory tract, characterized by burning, sneezing and coughing. Severe over-exposure can produce lung damage, choking, 
unconsciousness or death. Inflammation of the eye is characterized by redness, watering, and itching. Skin inflammation is 
characterized by itching, scaling, reddening, or, occasionally, blistering. 

Potential Chronic Health Effects: 
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. 
TERATOGENIC EFFECTS: Not available. DEVELOPMENTAL TOXICITY: Not available. The substance may be toxic to 
mucous membranes, upper respiratory tract, skin, eyes. Repeated or prolonged exposure to the substance can produce target 
organs damage. Repeated exposure of the eyes to a low level of dust can produce eye irritation. Repeated skin exposure can 
produce local skin destruction, or dermatitis. Repeated inhalation of dust can produce varying degree of respiratory irritation or 
lung damage. · 

J 
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Section 4: First Aid Measures 

Eye Contact: 
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15 
minutes. Cold water may be used. Get medical attention immediately. 

Skin Contact: 
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing 
and shoes. Cover the irritated skin with an emollient. Cold water may be used. Wash clothing before reuse. Thoroughly clean 
shoes before reuse. Get medical attention immediately. 

Serious Skin Contact: 
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek medical attention. 

Inhalation: 
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical 
attention immediately. 

Serious Inhalation: 
Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If 
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may 
be hazardous to the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or 
corrosive. Seek immediate medical attention. 

Ingestion: 
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious 
person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight clothing such as a collar, 
tie, belt or waistband. 

Serious Ingestion: Not available. 

Section 5: Fire and: Explosion Data 

Flammability of the Product: Non-flammable. 

Auto-Ignition Temperature: Not applicable. 

Flash Points: Not applicable. 

Flammable Limits: Not applicable. 

Products of Combustion: Not available. 

Fire Hazards in Presence of Various Substances: metals 

Explosion Hazards in Presence of Various Substances: 
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in 
presence of static discharge: Not available. Slightly explosive in presence of heat. 

Fire Fighting Media and Instructions: Not available 

Special Remarks on Fire Hazards: 
sodium hydroxide + zinc metal dust causes ignition of the latter. Under proper conditions of temperature, pressure and state 
of division, it can ignite or react violently with acetaldehyde, ally alcohol, allyl chloride, benzene-1 ,4-diol, chlorine trifluoride, 
1,2 dichlorethylene, nitroethane, nitromethane, nitroparaffins, nitropropane, cinnamaldehyde, 2,2-dichloro-3,3-dimethylbutane. 
Sodium hydroxide in contact with water may generate enough heat to ignite adjacent combustible materials. Phosphorous 
boiled with NaOH yields mixed phosphines which may ignite spontanously in air. sodium hydroxide and cinnamaldehyde + 
heat may cause ignition. Reaction with certain metals releases flammable and explosive hydrogen gas. 

Special Remarks on Explosion Hazards: 
Sodium hydroxide reacts to form explosive products with ammonia+ silver nitrate. Benzene extract of allyl benzenesulfonate 
prepared from allyl alcohol, and benzene sulfonyl chloride in presence of aquesous sodium hydroxide, under vacuum 
distillation, residue darkened and exploded. Sodium Hydroxde + impure tetrahydrofuran, which can contain peroxides, can 
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cause serious explosions. Dry mixtures of sodium hydroxide and sodium tetrahydroborate liberate hydrogen explosively at 
230-270 deg. C. Sodium Hydroxide reacts with sodium salt of trichlorophenol + methyl alcohol + trichlorobenzene + heat to 
cause an explosion. 

Section 6: Accidental Release Measures 

Small Spill: 
Use appropriate tools to put the spilled solid in a convenient waste disposal container. If necessary: Neutralize the residue with 
a dilute solution of acetic acid . 

Large Spill: 
Corrosive solid. Stop leak if without risk. Do not get water inside container. Do not touch spilled material. Use water spray 
to reduce vapors. Prevent entry into sewers, basements or confined areas; dike if needed. Call for assistance on disposal. 
Neutralize the residue with a dilute solution of acetic acid. Be careful that the product is not present at a concentration level 
above TLV. Check TLV on the MSDS and with local authorities. · 

Section 7: Handling and Storage 

Precautions: 
Keep container dry. Do not breathe dust. Never add water to this product. In case of insufficient ventilation, wear suitable 
respiratory equipment. If you feel unwell, seek medical attention and show the label when possible. Avoid contact with skin 
and eyes. Keep away from incompatibles such as oxidizing agents, reducing agents, metals, acids, alkalis, moisture. 

Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area. Hygroscopic. Deliquescent. 

Section 8: Exposure Controls/Personal Prote.ction 

Engineering Controls: 
Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below recommended 
exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airborne contaminants 
below the exposure limit. 

Personal Protection: 
Splash goggles. Synthetic apron. Vapor and dust respirator. Be sure to use an approved/certified respirator or equivalent. 
Gloves. 

Personal Protection in Case of a Large Spill: 
Splash goggles. Full suit. Vapor and dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to 
avoid inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling 
this product. 

Exposure Limits: 
STEL: 2 (mg/m3) from ACGIH (TLV) [United States] TWA: 2 CEIL: 2 (mg/m3) from OSHA (PEL) [United States] CEIL: 2 (mg/ 
m3) from NIOSHConsult local authorities for acceptable exposure limits. 

Section 9: Physical and Chemical Properties 

Physical state and appearance: Solid. (Deliquescent solid.) 

Odor: Odorless. 

Taste: Not available. 

Molecular Weight: 40 g/mole 

Color: White. 
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pH (1% soln/water): 13.5 [Basic.] 

Boiling Point: 1388°C (2530.4°F) 

Melting Point: 323°C (613.4 °F) 

Critical Temperature: Not available. 

Specific Gravity: 2.13 (Water = 1) 

Vapor Pressure: Not applicable. 

Vapor Density: Not available. 

Volatility: Not available. 

Odor Threshold: Not available. 

Water/Oil Dist. Coeff.: Not available. 

lonicity (in Water): Not available. 

Dispersion Properties: See solubility in water. 

Solubility: Easily soluble in cold water. 

Section 10: StabHity and Reactivity Data 

Stability: The product is stable. 

Instability Temperature: Not available. 

Conditions of Instability: Incompatible materials, moisture, moist air 

Incompatibility with various substances: 
Highly reactive with metals. Reactive with oxidizing agents, reducing agents, acids, alkalis, moisture. 

Corrosivity: Not available. 

Special Remarks on Reactivity: 
Hygroscopic. Much heat is evolved when solid material is dissolved in water. Therefore cold water and caution must be used 
for this process. Sodium hydroxide solution and octanol + diborane during a work-up of a reaction mixture of oxime and 
diborane in tetrahyrofuran is very exothermic, a mild explosion being noted on one occassion. Reactive with water, acids 
(mineral, non-oxidizing, e.g. hydrochloric, hydrofluoric acid, muriatic acid, phosphoric), acids (mineral, oxidizing e.g. chromic 
acid, hypochlorous acid, nitric acid, sulfuric acid), acids (organic e.g. acetic acid, benzoic acid, formic acid, methanoic acid, 
oxalic acid), aldehydes (e.g. acetaldehyde, acrolein, chloral hydrate, foraldehyde), carbamates (e.g. carbanolate, carbofuran), 
esters (e.g. butyl acetate, ethyl acetate, propyl formate), halogenated organics (dibromoethane, hexachlorobenzene, methyl 
chloride, trichloroethylene), isocyanates (e.g. methyl isocyanate), ketones (acetone, acetophenone, MEK, MIBK), acid 
chlorides, strong bases, strong oxidizing agents, strong reducing agents, flammable liquids, powdered metals and metals (i.e 
aluminum, tin, zinc, hafnium, raney nickel), metals (alkali and alkaline e.g. cesium, potassium, sodium), metal compounds 
(toxic e.g. berylium, lead acetate, nickel carbonyl, tetraethyllead), mitrides (e.g. potassium nitride, sodium nitride), nitriles 
(e.g. acetonitrile, methyl cyanide), nitro compounds (organic e.g. nitrobenzene, nitromethane), acetic anhydride, chlorohydrin, 
chlorosulfonic acid, ethylene cyanohydrin, glyoxal, hydrosulfuric acid, oleum, propiolactone, acylonitrile, phorosous pentoxide, 
chloroethanol, chloroform-methanol, tetrahydroborate, cyanogen azide, 1 ,2,4,5 tetrachlorobenzene, cinnamaldehyde. Reacts 
with formaldehyde hydroxide to yield formic acid, and hydrogen. 

Special Remarks on Corrosivity: Very caustic to aluminum and other metals in presence of moisture. 

P.olymerization: Will not occur. 

Section 11: Toxicological Information 

Routes of Entry: Absorbed through skin. Dermal contact. Eye contact. Inhalation. Ingestion. 
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Toxicity to Animals: 
LD50: Not available. LC50: Not available. 

Chronic Effects on Humans: 
MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. May cause damage to the following organs: mucous 
membranes, upper respiratory tract, skin, eyes. 

Other Toxic Effects on Humans: 
Extremely hazardous in case of inhalation (lung corrosive). Very hazardous in case of skin contact (corrosive, irritant, 
permeator), of eye contact (corrosive), of ingestion, . 

Special Remarks on Toxicity to Animals: 
Lowest Published Lethal Dose: LDL [Rabbit] - Route: Oral; Dose: 500 mg/kg 

Special Remarks on Chronic Effects on Humans: May affect genetic material. Investigation as a mutagen (cytogenetic 
analysis) 

Special Remarks on other Toxic Effects on Humans: 

Ecotoxicity: Not available. 

BODS and COD: Not available. 

Products of Biodegradation: 

Section 12: Ecological Information 

Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise. 

Toxicity of the Products of Biodegradation: The product itself and its products of degradation are not toxic. 

Special Remarks on the Products of Biodegradation: Not available. 

Section 13: Disposal Considerations 

Waste Disposal: 
Waste must be disposed of in accordance with federal, state and local environmental control regulations. 

Se.ction 14: Tratlsport Information 

DOT Classification: Class 8: Corrosive material 

Identification: : Sodium hydroxide, solid UNNA: 1823 PG: II 

Special Provisions for Transport: Not available. 

Section 15: Other Regulatory Information 

Federal and State Regulations: 
Illinois toxic substances disclosure to employee act: Sodium hydroxide Illinois chemical safety act: Sodium hydroxide New 
York release reporting list: Sodium hydroxide Rhode Island RTK hazardous substances: Sodium hydroxide Pennsylvania 
RTK: Sodium hydroxide Minnesota: Sodium hydroxide Massachusetts RTK: Sodium hydroxide New Jersey: Sodium hydroxide 
Louisiana spill reporting: Sodium hydroxide California Director's List of Hazardous Substances: Sodium hydroxide TSCA B(b) 
inventory: Sodium hydroxide CERCLA: Hazardous substances.: Sodium hydroxide: 1000 lbs. (453.6 kg) 

Other Regulations: 
OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 191 0.1200). EINECS: This product is on the 
European Inventory of Existing Commercial Chemical Substances. 

p.S 



Other Classifications: 

WHMIS (Canada): CLASS E: Corrosive solid. 

DSCL (EEC): 
R35- Causes severe burns. S26- In case of contact with eyes, rinse immediately with plenty of water and seek medical advice. 

S37/39- Wear suitable gloves and eye/face protection. S45- In case of accident or if you feel unwell, seek medical advice 

immediately (show the label where possible). 

HMIS (U.S.A.): 

Health Hazard: 3 

Fire Hazard: 0 

Reactivity: 2 

Personal Protection: j 

National Fire Protection Association (U.S.A.): 

Health: 3 

Flammability: 0 

Reactivity: 1 

Specific hazard: 

· Protective Equipment: 
Gloves. Synthetic apron. Vapor and dust respirator. Be sure to use an approved/certified respirator or equivalent. Wear 

appropriate respirator when ventilation is inadequate. Splash goggles. 

Section 16: Other Information .. . .. , : 

References: Not available. 

Other Special Considerations: Not available. 

Created: 10/09/2005 06:32PM 

Last Updated: 11/01/2010 12:00 PM 

The information above is believed to be accurate and represents the best information currently available to us. However, we 
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume 

no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for 

their particular purposes. In no event shall ScienceLab. com be liable for any claims, losses, or damages of any third party or for 

lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com 

has been advised of the possibility of such damages. 
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DEPARTMENT OF THE ARMY 
US ARMY INSTALLATION MANAGEMENT COMMAND 

HEADQUARTERS, UNITED STATES ARMY GARRISON, FORT CARSON 
1626 ELLIS STREET, SUITE 200 

REPLY TO 

ATTENTION OF 

Directorate of Public Works 

U.S. EPA, Region 8 
Craig Boomgaard 
Mail Code: 8P-W-GW 
1595 Wynkoop Street 
Denver, CO 80202-1129 

Dear Mr. Boomgaard: 

FORT CARSON, CO 80913 

July 10, 2012 

JUL 1 2012 

This letter is to update you on Class V UIC Program approvals for EPA File 
numbers C050000-08656, C050000-08654, & C050000-08668. These three projects 

were given EPA's written approval in November 2009. Enclosed ·find copies of the 
approval letters and maps from the original documents in 2009. Also enclosed is a 
short report generated by the contractor (Shaw) detailing the actual constructed wells, 
along with the injected fluids. Note that the injected fluids are essentially identical to 
that noted in your approval letters. Also note that the wells installed have some 
differences in number and/or locations from the original maps and/or your approval 
letters. 

Any questions regarding this information should be directed to Mr. Eric Dunker, 
P.E. at (719) 526-2022 or email eric.w.dunker.ctr@mail.mil. 

Respectfully submitted, 

Enclosures 

UIC Class V File 

Permit ,_. 



May.22, 2012 

Mr. Harold Noonan 
Directorate of Public Works
Environmental Division 
1626 Evans Street, Bldg 1219 
Fort Carson, CO 80913-4362 

a world of Solutions"' 

Subject: Information Request, Injection Sites, SWMU 164, SWU 168, and SWMU 169 

Dear Mr. Noonan, 

This letter is to provide the information requested in the April11, 2012 email from you to Diane Frost. The 

requested information applies to each Fort Carso~ SWMU with injection wells. At this time, this request is 

applicable for SWMU 164, SWMU 168, and SWMU 169. The following information is requested: 

1) Descriptive physical location information to include the applicable SWMU number 

2) Complete GIS location information to include: 
Township, Range, Section, Quarter Section, Quarter/Quarter Section 

Latitude and Longitude in degrees, minutes, seconds 
UTM Basting and Northing · 

3) Descriptions of well characteristics, remediation activities and desired outcomes 

4) Narrative descriptions of system construction and subsurface details 

5) A drawing of the Solid Waste Management Unit showing the location of the injection wells 

6) A separate vertical cross-section drawing showing the details of the injection wells and relevant 

subsurface hydrogeology 
7) Provide a narrative describing the fluids to be injected 

8) Provide material safety data sheets for any chemical agents added to the injection fluids 

SWMU 164 

1) Descriptive physical location information to include the applicable SW MU number- Former Building 

202, Underground Storage Tank (FTC-070/SWMU 164) 

2) Complete GIS location information -

SW V.. NW V.. Section 9 Township 15 South Range 66 West 6th PM 

X = 517899.197941 UTM (Eastin g) 
Y = 4290304.67468 UTM (Northing) 
Latitude: 38 deg 45 min 40.536 sec 
Longitude: -104 deg 47 min 38.346 sec 

3)' Descriptions of well characteristics, remediation activities and desired outcomes- Eleven injection wells 

were installed at SWMU 164 in April2012. Each well was constructed in an 8-inch minimum diameter boring 

with 4-inch inside diameter continuous-wrapped 0.010-inch slot screen and 4-inch inside diameter riser composed 

of Schedule 40 polyvinyl chloride (PVC) pipe. The screen interval is from 5 to 20 ft bgs for each injection well. 

9201 E. DRY CREEK ROAD, CENTENNIAL, CO 80112 
720 .741.7700 • FAX 720 .554.8298 
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• Shaw presumed porosity values for the site based on the RFI (URS 2008) boring logs. The 

unconsolidated material consisting of silt and clay is expected to have a porosity ranging from 0.2 to 

0.5 and the Pierre shale is expected to have a lower porosity in the 0.05 to 0.2 range (Freeze and 

Cherry 1979). Porosity is expected to be much greater in the fill material located in the former 

excavation as compared to the surrounding media. 

• Based on comparison of the RFI (URS 2008) boring logs to published data for equivalent media, the 

hydraulic conductivity is expected to be in lxl0-6 centimeter per second (em/sec) to Ixl0-2 em/sec 

range for the Pierre shale and lxl 0"9 em/sec to 1x1 0-6 em/sec for the unconsolidated silt and clay (Bear 

1972). . 

5) A drawing of the Solid Waste Management Unit showing the location of the injection wells- Provided as 

Figure I (attached). 

6) A separate vertical cross-section drawing showing the details of the injection wells and relevant 

subsurface hydrogeology- Provided as Figure 6-2 (attached). 

7) Provide a narrative describing the fluids to be injected- The remedial oxidant consists of a three percent 

solution (by weight) ofpotassium permanganate. Each injection wells is to receive a total of3,588 gallons of a 

three percent by weight KMn04 solution resulting in a total volume of39,468 gallons of oxidant into the 

treatment area. 

8) Provide material safety data sheets for any chemical agents added to the injection fluids - Provided as an 

attachment. 

SWMU 168 

1) Descriptive physical location information to include the applicable SWMU number- Former Prisoner of 

War Camp (FTC-093/SWMU 168) 

2) Complete GIS location information-

NW Y4 NW Y4 Section 8 Township 15 South Range 66 West 6th PM 

X= 516603.164752 UTM (Basting) 

Y = 4290442.03261 UTM (Northing) 

Latitude: 38 deg 45 min 45.1044 sec 

Longitude: -104 deg 48 min 32.033 sec 

3) Descriptions of well characteristics, remediation activities and desired outcomes- Three injection wells 

were installed at SWMU 168 in April2012. Each injection well was constructed in an 8-inch minimum diameter 

boring with 4-inch inside diameter continuous-wrapped 0.010-inch slot screen and 4-inch inside diameter riser 

composed of Schedule 40 polyvinyl chloride (PVC) pipe. The screen interval is from 5 to 20 ft bgs for each 

injection well. 

The objective of the remedy is to utilize groundwater flow at SWMU 168 to move the three percent by weight 

potassium permanganate solution throughout the saturated zone of the treatment area. A total of three injection 

wells installed at the upgradient side of the treatment area are to receive a total of2,466 gallons ofthe three 

percent by weight potassium permanganate solution resulting in a total volume of7,398 gallons of oxidant into 

the treatment area. The calculated oxidant volume is based on a treatment area of 330 square feet with a 15-foot 
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range (Freeze and Cherry, 1979). Based on comparison of the RFI report (URS, 2009) boring logs to published 

data for equivalent media, the hydraulic conductivity is expected to be in the 1x10-6 to 1x10-2 centimeter per 

second (em/sec) range for the Pierre Shale and in the 1x10-2 to 1 em/sec range for the fill material (Bear, 1972). 

PCP concentrations in groundwater were detected exceeding the CGWS in one monitoring well, POWDP08, 

which is located in the north end of the excavation pit. The most recent groundwater analytical results (2006) 

reported PCP concentrations of 6.6 micrograms per liter (!lgiL) in monitoring well POWDP08, exceeding the 

CGWS of 1 !lg/L (Figure 2-2). Monitorirtg well POWDP08 has since been abandoned and groundwater at this 

location is no longer available. 

5) A drawing of the Solid Waste Management Unit showing the location of the injection wells- Figure is 

attached. 

6) A separate vertical cross-section drawin.g showing the details of the injection wells and relevant 

subsurface hydrogeology- Provided as Figure 3-2 (attached). 

7) Provide a narrative describing the fluids to be injected- The remedial oxidant consists of a three percent 

solution (by weight) of potassium permanganate. 

8) Provide material safety data sheets for any chemical agents added to the ip.jection fluids -Provided as an 

attachment. 

SWMU169 

1) Descriptive physical location information to include the applicable SWMU number- Former Building 

1211 Underground Storage Tank Site (FTC-088/SWMU 169) 

2) Complete GIS location information-

SE 114 NE 114 Section 17 Township 15 South Range 66 West 6th PM 

X= 517632.501913 UTM (Basting) 

Y = 4288466.23575 UTM (Northing) 

Latitude: 38 deg 44 min 40.9272 sec 

Longitude: -104 deg 47 min 49.578 sec 

3) Descriptions of well characteristics, remediation activities and desired outcomes- Eighteen injection wells 

were installed at SWMU 169 in April2012. Twelve injection wells are planned to be installed ten feet apart, 

based on an anticipated minimum five foot radius of influence (ROI) within the former underground storage tank 

(UST) pits. Three injection wells are planned to be installed on a five foot ROI upgtadient of well LF6MW08 and 

thre.e injection wells are planned to be installed on a five foot ROI upgradient ofwell1206MW12. The ROI is 

based on previous experience gained from the injection event at SWMU 169 and on the design modification to a 

gravity feed delivery system. Each well was constructed in an 8-inch minimum diameter boring with 4-inch 

inside diameter continuous-wrapped 0.010-inch slot screen and 4-inch inside diameter riser composed of 

Schedule 40 polyvinyl chloride (PVC) pipe. The screen interval is from 4 to 18 ft bgs for each injection well. 

The treatment area at SWMU 169 is identified as the former UST pits and the area surrounding wells 1206MW12 

and LF6MW08 presented. A total of twelve injection wells installed within the former UST pits are to receive a 

total of 1,570 gallons of an approximate 11.8% solution of sodium persulfate including a 50% sodium hydroxide 

solution resulting in a total volume of 18,850 gallons of oxidant into the former UST area. The calculated oxidant 
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Groundwater flow at SWMU 169 does not conform to the expected general flow direction to the south, southeast 

in this area of FTC. This local phenomenon is likely related to slight groundwater mounding caused by the former 

UST tank excavation into underlying bedrock. The groundwater mounding in the excavation areas may explain 

the radial groundwater flow pattern at and around the former excavation (Figure 3-1 ). 

Shaw estimated porosity values for the site based on the RFI boring logs and the recorded media type. The 

unconsolidated material consisting of silt and clay is expected to have a porosity ranging from 0.2 to 0.5 and the 

Pierre shale is expected to have a lower porosity in the 0.05 to 0.2 range. The fill material, media grain sand, is 

expected to have porosity of 0.3 to 0.4 . . Based on comparison of the RFI boring logs to published data for 

equivalent media, the hydraulic conductivity is expected to be in 1x10-6 to 1x10"2 centimeter per second (em/sec) 

range for the Pierre shale and 1xl o·6 to 1x1 o·9 em/sec for the unconsolidated silt and clay (Fett, 2000). Hydraulic 

conductivity of9.38x104 em/sec was measured in 1206MW01, which screens both clay and Pierre shale layers 

(Earth Tech, 2008). Based on the boring logs of the two monitoring wells located with the former tanked 

excavation area, the media and fine sand is expected to exhibit hydraulic conductivity range from 1x10"3 to lxl0·1 

em/sec. The fill material at excavation area should demonstrate higher hydraulic conductivity than the 

surrounding media. 

5) A drawing of the Solid Waste Management Unit showing the location of the injection wells- Provided as 

Figure 2 (attached). 

6) A separate vertical cross-section drawing showing the details of the injection wells and relevant 

subsurface hydrogeology- Provided as Figures 5-1 and 5-2 (attached). 

7) Provide a narrative describing the fluids to be injected -The remedial oxidant consists of an 11.8% sodium 

persulfate solution activated by a 50% sodium hydroxide solution. 

8) Provide material safety data sheets for any chemical agents added to the injection fluids - Provided as an 

attachment. 
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Sliaw® Shaw Environmental, Inc. 

To: Ms. Valois Shea 
EPA Region 8 
1595 Wynkoop Street 
8P-W-GW 
Denver, Colorado 80202-1129 

cc: Kathie Englert, USACE 
Terry Samson, USACE 
Mona Douillard, Fort Carson 
Deb Anderson, CDPHE 
File 

.Subject: Underground Injection Control Authorization 

1111111111111111111111111111111111111111 
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Shaw Environmental, Inc. 

100 Technology Center Drive 
Stoughton, MA 02072 

PHONE: 617.589.5111 
FAX: 617.589.2160 

October 21, 2009 

Former Building 1211 Underground Storage Tank (FTC-088/SWMU 169) 
Fort Carson Military Installation, Fort Carson, Colorado 

Shaw Tracking Number: SHAW-FTC-109 

Dear Ms. Shea: 

Shaw Environmental, Inc. on behalf of the Fort Carson Military Installation (FTC), as authorized by the 

Colorado Department of Public Health and Environment, Hazardous Materials and Waste Management 

Division (CDPHE), is providing this letter to satisfy the requirements for obtaining a Class V Underground 

Injection Control rule authorization to perform chemical oxidation injections at the former Building 1211 

Underground Storage Tank site (FTC-088/Solid Waste Management Unit [SWMU]169) located on FTC. 

The following is the information requested in the Site Information Request Fact Sheet: 

Property owner: 
Department of the Army 

United States Army Installation Management Command 

Headquarters, United States Army Garrison, Fort Carson 

1626 Ellis Street, Suite 200 

Fort Carson, Colorado 80913 

P: 719.526.1241 

F: 719.526.2120 

Operator of facility: 
Department of the Army 

United States Army Installation Management Command 

Headquarters, United States Army Garrison, Fort Carson 

1626 Ellis Street, Suite 200 

Fort Carson, Colorado 80913 

P: 719.526.1241 

F: 719.526.2120 

UIC Class V File 

UIC PERMIT-& ID #: 

Invent. Inspect . Monit. EPA 
Form Rep. Reports Corres. 

Operator 
Corres. 
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Responsible party for the operation, maintenance, and closure of the injection system: 

Shaw Environmental Inc. 

David Cobb 

Senior Project Manager 

100 Technology Center Drive 

Stoughton, Massachusetts 02072 

P: 617.589.5561 

F: 617.589.2160 

M: 508.667.3608 

Shaw Environmental Inc. 

Jon Kaibel 

Construction Field Manager 

348 North Specker Avenue 

Fort Carson, Colorado 80913 

P: 719.576.2098 

F: 719.576.2412 

M: 719.330.6463 

Name of facility and physical location: 

The site is consists of an asphalt paved and concrete parking lot and grass covered areas associated 

with Building 1203 located in the northern portion of the cantonment area at Fort Carson. The site is 

located at the intersection of Chiles Avenue and Evans Street and is referred to as former Building 1211 

Underground Storage Tank, Fort Carson Site Number 088/ SWMU 169. Fort Carson is a Department of 

the Army facility located between Colorado Springs and Pueblo, Colorado, to the west of Interstate 25. 

Map of site including contaminant plume, proposed injection locations and proposed or existing 

monitoring wells: 

A map of the site with the requested information is included as an attachment to this letter (Figure 6-1 ). 

Is this a proposed or existing system? 

The chemical oxidation remediation system is proposed. However, the work plan has been approved by 

FTC and CDPHE. 

Colorado State Agency authorizing site cleanup: 

Colorado Department of Public Health and Environment 

Hazardous Materials and Waste Management Division 

Ms. Deb Anderson 

4300 Cherry Creek Drive South 

Denver, Colorado 80246-1530 

P: 303.692.3379 

Description of contamination and when it occurred: 

Two former underground storage tanks (USTs) and eight dispenser pumps located at SWMU 169 are the 

likely source for soil and groundwater contamination. Soil is impacted with polynuclear aromatic 

hydrocarbons (PAHs) from approximately 8 to 12 feet below ground surface within the former tank pits. 

SHAW-FTC-1 09 Shaw Environmental, Inc. 
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Groundwater is impacted with 1 ,2-dichloroethane (1 ,2-DCA), benzene, bis(2-ethylhexyl)phthalate, vinyl 
chloride and PAHs. Maximum contaminant concentrations in soil and groundwater are presented on 
Figures 2-2 and 2-3, respectively. 

Type of proposed injection wells : 

Shaw has proposed installing 12 direct-push technology (OPT) temporary wells to deliver chemical 
oxidants into the groundwater table at SWMU 169. The OPT injection well depths are not to exceed 14 
feet below ground surface (bgs). 

Description of the proposed injectate: 

Shaw has proposed injecting sodium persulfate activated with 50% sodium hydroxide into the subsurface 
at SWMU 169. Sodium persulfate is a strong oxidizer and should effectively treat the contaminants of 
concern in groundwater. Approximately 16,613 pounds of dry sodium persulfate and 1,042 gallons of 
50% sodium hydroxide will be mixed with 14,623 gallons of potable water to create an 11.8 percent 
solution (by weight). The source of the potable water to be used during injection activities will be 
approved by FTC and COP HE prior to use. 

Hydrogeologic description, location, depth, and current use (if any) of the receiving formations: 
The receiving formation at SWMU 169 consists of coarse grained fill material above bedrock (Pierre 
Shale) in the location of the former tank pits. Weathered bedrock was encountered at the site between 3 
and 14 feet bgs. Bedrock was deepest within the former tank pits indicating that the excavation reached 
into the weathered Pierre Shale. Depth to water throughout SWMU 169 ranges from approximately 4.6 
feet to 13.7 feet. Depth to water in the tank pits is approximately 9.2 to 9.8 feet bgs. Groundwater flow at 
SWMU 169 appears to be to the southwest with a slight southeast component with an exception around 
the former tank pits source area, which seems to have a radial flow direction. Estimated porosity values 
for the site are based on previously installed boring logs and the recorded media type. The fill material is 

expected to have a porosity of 0.3 to 0.4 and the Pierre Shale bedrock is expected to have a lower 
porosity in the 0.05 to 0.2 range. The hydraulic conductivity is expected to be in the 1x10-6 to 1x10-2 

em/sec for the Pierre Shale. Hydraulic conductivity of 9.38x1 o-4 em/sec was measured in monitoring well 
1206MW01. The fill material is expected to demonstrate higher hydraulic conductivity than the 

surrounding media. 

Estimation of t ime frame for when injection activit ies will begin and end: 

Shaw estimates injection activities to begin in November 2009 and take approximately 1 week. 

If you have any questions, please do not hesitate to contact me at 617.589.5561. 

Very Truly Yours, 
Shaw Environmental, Inc. 

David Cobb 
Senior Project Manager 

SHAW-FTC-109 Shaw Environmental, Inc. 
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January 2010 thnx;gh Septamber 2011 
8WMU161 
Fort Corson, Colotllclo 

•EII!O. TURB<J 
,5350: 
\ eNASIM TIW.ENE 

, ....... 
ISNASt.4 
:BNASIM 

[BNASIM 

!SW!2111B 
!S'NI21U! 

2-M JliYLNN'ffiHA;.ENE 

UOREIE 
INOEN0!1. 

UElHY'. ElHY'. KErOIE 
11Ellffi£!E :;.'WRIOE 

UJ1l 

TRA.'IS' 

'111\l. 

lE>E 

LocaUon Code ~~~2 :Z!i5!11WIZ 12ftMW'IZ 12fl&MW12 
1 Sarnple No. 1~2 ! 

!l()t~ • • !~ 
::: ~-::~~:-+----~----r----T----~----r----+----~----r----+----~----~--_, 
UJJD411• 1:.211 0.0 
O.oo48! Go 
1Ul041, C.IXI2! 0.0 

28( · 
281 

1« 

21[ 23 210 

:15.: 25. 
42! "' 421] 

!lilt 34 2100 

·~ ~-{~:m-:-i-----r----t----i-----r----+---~----~----+----+---~----~--~· ~.0.0041 

......... 
0.0048 2.115 C.• -··· 0.0041 O.W2!l<! C.• -r--· 

2IIC • • 

0.0041 0.£2115 OJ 
140 

O.S2 1.0112 0.>2 I.Jil l.sf I.JO 1.47 C.AJ!I• 

2100 

70 

951l 959 INO !foil !NO 
107M 10196 22,1 40 1i 15 i.BI 

2100 

a. 

!Ill 

~" 

[NO 

ND 

0.406• 0297 . ... 
0.61M 

!NO 

[NO ,ND .. ,. I.DII 

NO 
NU 
Ill 

"" 
;NO 
iNO 

0.584! 

l..31ll! i 

. ·-

~--~···~~~~._:_.::~--_.~--_.~ __ _.._ __ _. ____ ~._--~~----~----~~--~----~~~--_.~--~ 



Tablet 
Analytas Decected In Groundwater 
Jano:ary 2010 !~~rough September 2011 
SWMU169 
Fort c._, Colorado 

1 
! : 

l Locl!ioa Code ~206MWD1A 12DEMWII1A 12QMIWI'IA 1216MWD1A ~ 2!16MW1J1A 12VGM'M1A 12~f¥.ml1A 12tl-1A 12!16MWU1A 

I ! I Sample No. t20UIW011r10ijJ:MI 110622 
15ampleDate 11.Jan·10 1-Mar-10 21.Jun·1D 22-SeJI·'O 22·0.c-10 15-Mar-1' ZZ.Jun-1~ 22..J.,..11 20-Sep-11 

1--::T:--;-;Ittll G;--roup--+-::M=ETHO~D~P~aram--,-I!Rr------+-:ll.,...,-nill -l' c:,s i C~~r--;R,..;BS~Cunlplo'=;;' P
1

A Pu;;rL''P~;;;:t-~-;R;;:::'MURI;i;IEIQ12~ua; --;-----;;Rea=~u REIII QuG::::-aJ-+-RH=:'uRf.r.IIEIQG~uii--;-----;;Res=u~ RIIEG;au:::oai-+-=R .. uR~;t·E: ,Q ~Guoi---11--;;Rea;::~u ~W;IIIQu::::-11-+-R=:'esuRE;:T.KIQuG~ai---11--;;R;:::i.esuiiF:f-;DQ::::;-uai -+-=RMUR'iiii~Q~Ciual----i 
l"""-'!lP5TS ,,... 'PP'thT.Ai. ·mv 140.1 2' ' , 2111 IWJ ·I 273 

IFIELOTES'l I lmSbn 8.132 : e~l ICA: ~. 

jFJEl.D TESl IP~ ~~~ e.llll '26 9.22 

I- ~..:.: O.ll041 O.D21 0.0 : 

ti!!O ND 
(IINASIIol Tift'. 2.' 

Tlft'.NAPtiTHALI:Nt 25.: 25.: 

IIINASIM 

~i~l~ IF 
21CX .. ~ 2100 

0.0041 0.0295 0,00411 
_ 0.0041 0.00295 OD04.!. 

0.0041 0.0315 0.00411 

0.1 o; o.~ 

0,01 2.! 0.~ 

0.1 0.002 0.~ ' 

VOl "' 

V!ll 

.JIINASIIol Ut<ANI~tJtt 

ll!fo.'ASIN ORENE 
IIINASIM lNIJENO(I ,2,3-CIJIP"RENE 
IIIIIASIII 
IIINASIIol 

-~ 

!SW82!109 
ISWI21!06 
iSW82608 

:ETOIE 

I BENZENE 

•lllsu.FIIle 

rr.ENE 

o.: 0.02 0.0 

ZJ 

--:~~··--"":zo;.,l---i-';<----·*' · -· -- ;--' 
52 421: 

21« 34 2100 
0.:100 o.:J2!I5 0.0041! 

"·""' D.WI90 ....,.. 
0.11041 CUJ295 0.0041! 

o~ o; o.o 
0 .0 0.0 

O.Jo! Co 
0.6< 

!1110 

"~ 
3.191 

NO 

,NU 

'NO 
IND 

Nil 

'"' 

Ml 

(NO 
INO 

P"D 

INO 
INO 
IND 
INO 
I~ 

ND 

:•o 
INO 
iND 
,ND 

NO 
Ill 

IND 
IND 

·~ NC 

IND 
IND 
INO 



Table 1 
Analyt• Detected In Groundwater 
Januaty 2010 througlt September 2011 
SWM\1180 
Fort Cwson, Colorado 

LocatOII Code ~216'1WD3 1206!11W03 12011MM3 12061M113 '2116MW03 12ll6MW!I3 1206liWI3 12! ·11M3 '2CI ~3 120S¥.Wt'l I 4 206!1W!J3 I 121JtiMWIQ 
Sam!)le No. '2116M1 13-110315 I . L 

~------~---+---------------1----+~~~~~ ~~WS~-.S~I~~~~~~i!?~~~~~C~a"~--~~~~=~~~O-+--~I~~~0--+--'~1·R~Ma;~G~1D __ r-~2~2~;~1C __ ~~Z~1·~~~10~r-~~~:~1D-;--~~~RD•:~10-1--~~5~;~1·-+--~11i~~~~11-+-·~~~,~~~G~,!, .. l . ~ - - 21!:~~ +· 2~~:10 
f---,;:-res=t Gro=--up -l-=MElliH""""OO+.P=arom=olar-----------1---;-;:Un:=-{lls fAG) fPl 1--::::::RBCirz::::P~AL!::a BG--;:--Rasu.:,;r.;IIQu'-:;-ai' -+-= Rt:_,;:,:;::Qu.,-:;-I--I--=Resu~IIQu-::-ai-+-=Raau:,;;ftQu;;,-,ol--t-:R=o,:::r.:IQ=u; --I--;Rn~ul~IQ==-uai--II---;Rel;-::-::-:';uH;r.Q~uai~--;;Re;--!isu;r.!,Q;-,-ual-1--;;-Roa..:::T::uiiQu~al-1---:-Reau.:;:r:IIQu:...,....al-+1--= IW . ....:,;~H!r=--,Qcai,---+-IR=--Ku'-::T!t!Q;.....,.~al~ 

I 6!1.! 100 

IRBIDn 

. II!Willl I Clfm , ......... 

ILES 
IL.ES 

SEioiiV<XATI 

SE!oiVO.ATit 

IBNAS!I! 
iiiNASIN 
:BNAS:II 

,SEMML lb"WI21UC 
. ILES ISI/i8270C 

lA 
IFlWR 

IFWOREI 

PYRENE 

IL.ES I"""'IUC FUJORE>E 
r..ES ISW8270C I 

~~E:ilii~ 
OO!iRACENE 

.All ISW121!111 IENZENE 

k';;;.A~:lli~;;:T.;----faE=ffi ~CISl.tflDE 

I~ 
ISWII26W 

ISiar. 

z. 
25; 2!. 

2100 34 2100 
0.0041 ()..1295 011114.!1 
0.0041 O.CKI29!i 011!14.!1 

" """' 0.2ll: 11.!1140 
0.0041 iJI! 011!14.!1 

; 0 . ..,.. J.ll:2IO 11.!1140 

210 210 
280 . , 2!ll 

0.0041 OL29Ii IJ.CI04II 
1~ Mil 

2100 .. 2100 
o.0048 O.Q29S o.oo.a 
0.0048 O.OC295 O.I)I)M 
1.0048 O.Q295 O.I)I)M 

ODMII 
OJ 011114.!1 

0.00«1 

210 
280 

0.004 o.c 0.0041 
14 1~ 

210 

0.0041 2.9f OD~ 
0.0041 <.lUI! OD~ 

21( 

2111 41 
0.0041 C.c29! 0.111) 

140 

210 

.. 

:201 

14,: 
19.' 

a.86l BA~ • g, 

"" Ml 
Ml 

_NO 
NO 

'"" ,,., 
IND 

INO 
jNO 
INO 
jND 
IND 
INO 

INO 

INO 

'"" INO 
INO 

41. 

NO 
NO 

NO 

MJ 
NO 
NO 

NO 

ND 
NC 
Nil 
NO 
NO 
NO 
NO 

!51 

0.371 
ND NO 
NO iiCl 

~?' 

NC 

INO 

INC 
jNU 
INO 

ND 
ND 

g, 

"' 

NO 
NO 
NO 
NO 

ND 
NO 

NO 

NO 
ND 
NO 

ND 
NO 
Nil 

~;~--·---~-·-- · ~-- -·€:~~~----

""' NO jND NO 

'OIATIW3 !~ ~~==========~~==~===+~1~0000~Ij"~--~=:o~ooo~~==~~~==~::::~~~-==~~==~====t=====~===4~===t====~====~~~==~====~~==~==~~NOt=::tt::::~===4=====foo~==~====~~==m===~~==~~==j 
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Table1 
llnalytee Detectocl in Grour.-r 
January 2010 thr<>~<gh September 2011 
SWMU 169 
Fort Carson, Colorado 

1-ocat:on Coda 
sample No. 

11-Ja,.10 11-Jar>-10 j 8-Mar-10 21-Jur>-10 i 21-Jun-10 22-Sop-10 22-Doc-10 22-Dac-10 1S..ar-11 16-Mar-1 1 23.Jun·1 >J>-1' 20-S >P-11 
! CGWS I CGWS Samola P~rposa REG FD ! REG REG i FD REG REG FD REG FD REQ RloG 

t----cT~eslt=-,Grou-p+-=METli=oo~'=-Paramete----o--r------+-~ Unilsc-1 (AGl !Pl '--~RI!Cr:::P;;:.;:.;,AL~ii~G'Re=su~iii,~Quar:--1-=Resu*u: au:::;-ar---tj ---;;:: Res~u•t:[QS..ulll~hKesdun:T.,QbuaJ-.j....-K="esu+.i:t[:;;:::;Quarl;---f--;;:!ies. ~.~;;;:iQu~al--;---;:;l(es::-:!i,ulti;:IQS..ulll-1hKe=suli:r.t,Qbuar-+--Res=::u~ni Qu~ai-+-=Reau:i.r.;IIQ:::;-ual-t---;;Roa:=.;uH:liiQS..uai-1!--;R;::::1esu~~.Q~ual-t--;Re6=ui;,:~Q;..::;~al-l 
F:E.I TES"S 
Fl6..1 TEsTS 
FIB.I TESTS .,,_ ... ,. 
F!E. TESTS 

.AT!LES 

~~49 

E120 
:150. ,,. 

E11lC. URIID 

I!N.'I.SIM 
'lAS!! LUO!!ENE 

BNASIM 
BNASIM 
BNASIM 
BNASIM 
BNASIM 
BNASiM 

,. 

·METHYl 
I·MEl 

BNASIM CHR1 E>IE 
~NASIM I 
BNASIM LUORANl~ENE 

!BNASIM LUORENI 

[mV -63.. 42. -~· -12: -141 ·141 

IPH UNITS 

IN'! 

8.9111 
6: 1.85 1.6l w ,~, 

"·" 11AI ~l.31 1!i"' '4.10 ~3.&1' 
19.:. ,54, 
4.10 1.81 3.111 1.5i >.45 eA1 

1.26 Ul1 2.l l2! 1.42 
0.417 0.701 IND 

4, ,'.56 E.EB 5.2:1 6!4 
NO IND NO 

280 2/jll r.o1 ~ 

280 41 28IJ I 3.51 5.63 1.82 l&J O.li04B 0.1:35 0.01141! 0. 11.4011 0.542 0.426 
140 1441 0.11! 1.38 INC 

0.~ ~0.01141! 
0.0048 ~ 0.11140 
0.0048 D.D29! 0.00411 

0.0046 0.231 0.01141! 
0.0048 '·"' 0.11140 
0.1 l.OO 0.1 

0.1 0.02! 0.1 

~1 

INQ 

IND 
6.26 

INC 
INC 

ll! 
'.106 

4: M2 ur 4.61 

!.OZ 

~---..!1~ ---

o; 

0.476 

LATilES SW02111C CENAI'HTH1'LENE [ND [NO o.: INO IND INO 
swozroc 2100 ~ 2100 4.~ l.2l 1.74 • .., SWOZ1l!C l.004B on29! o.004B 3.: 3.43 o: 1n3 
SW8270C 0.0046 0.0:295 0.0048 1.3! 0.81111 J.... oA' 0.... OA/0 

INO 

IND 

IND 

,.,. 

Q.D ..... 
3.52 

0.118 

0.471 
3.6< 

INO 

0.2113 ..... 
0.' 

6. 

0.295 
!ND 
IN~ 

~~~~~:::~~:==~~.~~========~~::t::::t:~Ol..I004~Bt:~0~29~5~;~l;.004~B~:t::~~~~~;~====~==~~~~::~~==~==~l~~=====:t==~O~.OI~====t:~;~~·~====:t==~~~~~~:~==~~==:Jt:::~::::~::::~:::::t:::::t:::::t:::::t:::::t====~====~====~====4=====~ 

l;,}.]ll.ES 

Q.ATILES 

""""' SW8270C 
SW8270C [PYRENE 

0.1 a.o: a.1 M 

0,1 0.1 

210 

10.1 7.4:l 

0.434 026:1 

4.53 
3.14 

on 

5.! 
4.1)1; 

5WB260B IND ND NO ' IND IND 

. , ... __ 

,N~ ~ 0.30 0.6:l0 O.JO :N~ ;NO ND •ND 1ND !ND IND INO 

~f,~~~~~~~~~E=--==-~~~~! D~lswr--loE ___ '(--MIB~------~~--4----t--~20:·~':-~10~~~~ ~-.~:::----~----~~--:~·~·~~---t:---~V4~---t~---~:~~~--~~--:-~41~.J~1.----~::---1~01 ____ ~:--:-'~~-----t---~~~s~---t:~--:--~~·----~~--~' --~~::--~:~:J------r"--"~:=9~-----t---:~:~---; 
lATILES i~S IND INC ND 'ND 'ND IND N~ IND 1.06 ND 
'lATILES i~S !CHI IN~ IND J.551 !ND 'NO [NO NO IND NO 

ll.ES !SW6200B ii!-1.2-0ICHLOROE:h<NE 10 W4 1.49 L57 1.19 1~6 

IU\TILES <~S 'iYL BENZENE 700 5A2 5.41 15; 27, 25.1 29.! za; 20.! 10.: 14.• 16 .. 1 
VO:ATILES 1SWB260S :Nu [NU [N~ !ND ;N~ [NO 1Nc IND 

ILATILES iS1'1621!CS THYl EO!M. KE"OCNE T:JBE '098 IN~ INC 61, 20.5 21. 25A 1~0 0.75 l93 14.· NU 

1;..o.Til.ES lSW6200B Tlffi£NECH:.ORIDE 4. •.1110 4.1 ,1\D [NO !ND IND ,No INC :•o 0.26.2 IND 
CATILES (SW826CS 140 140 ),IS' 0. 13. l.!a UN! 1.112 \Al! 1.45 124 ~.Jil 

Page3at~• 



Table 1 
Analytes Oetected in Groundwater 
January 2010 through Saplember 2011 
SWMU 189 
Fort Ca"Son, Colol'lldo 

~ 

i 
~tlor Cocll 12:MIII!VY08 1206rotVY08 1236PlWIIS 12C6MWliS ~2:16"-WOB 12G6rotWall 1206MWCI ~2:!6MWOB 

i ; S..mple No. """""''"'•lUUJuo 10920 

1---ir=estt,G=roup:----':"M""E:~·THO.,-t.,DI~=am=et.r--~~~--t-;J;-;:~.=--iibl (AG) i (Pl R8C PAL 86 Rl!lu;t Qual Resuii iQual Result!Qual Resue:a~at Resun/Qual:;--+-- Re"=s=-'uft~~IQ:::;-uat'--+--Ren-:=su-;n~I;;:,Qu:::;-ai-+-;;;Ra~=su~III~Quat·-·-
FIELDlESTS ~POTENTIAL 1 .. \" -81." eo; .aJ, -~•• ·I -30 -100 

l11!1 !.7! !.11: 
FIELD TI:STS :P~ ;p• UNTS 6.511 6.: 129 6.99 6." M 
""'"" '""'" ,_,. 1 .• 1 l:i. 16.54 14.&4 12.91 13, 
FIB.. TESTS ;TIJRBIII'l 16.: 41. 23 41 21 ~5. 

F:W: 1.,;15 3. 2.9! J. 1-"3 J., ' 5.2! 
I 80,:,.1\SI~ 1'-METHY: , olll.i 81J 

il!i~ •~s:M .!~-MEl ~·im~~~NE~======~~~:::5::::t=!~::~~tJ~~~~;'~·~:~:~:o.e:~OOM~~;.~'t=;'=t::::3:::::t:::::~==~=====t====~====t=====I~Nc ~~~=====tS==o~-~~====!N::D:!IE::::l=::::t=::=3 
0. o.: 0.0 ' 5.32 t!!l 
0. ' 0.0 ..., .... 

SE~Ml..Al 

i!NASIM 

"""'"'" BMS!M 

DIBENZIAI 

!.UORENE IDEN0(1 
Tlfl~ 

0.0048 0.1129f 0.0041 

140 141 

21< 
2, 

I_ ,, 

1.6l 0.53>! 
Jll 5?. 15.1 

IND 
13." 

0.1118 

[SEMIVC 

;sCMIVUAI U,5 

~~~~N•---------f.~--~----~~~)~~8~~~~0~.041 ~--t---~r----+----~~ ----,_----t---~r----t-----r----,_----+-----~---+-----r----,_--~~l~n
9 

____ ~ 
0.004ll OJ 0.004ll I . 3.¥ 
0.()048 O.D29l 0.0041 .1.611 

BENZO!Klfll !ORANTHENE 
1SEMIVOLATLES 

iSEMIV 

i 

BNASIM 
I 

I 
I 

ISW82~ 

ISW82~ 

ISW827: 

CHRYSENE 

·-· METHYL 

:setKV T1I.£S ISW8270C lANTIIRACENE 
ISW8270 

H,I,;.ENE 

0.000 0.29~ 0.0114.! ' O.OOM C9! 0.0""' 
0.0001 0.0029il 0.0114.! 

2111) 2BC 

260 ~· 2BC 
0.0048 11.0211! 0,0041 

~ "" 
0.638 

IND 
2100 ~ ~11< 0.54' 

a.0048~ 0~ 0.64 

44.! 

8M 

61. 
3.221 

1~: 

14." ~ 

1.6 

211. 
14. 

,'*;·~·MN;~*:~r
8270

~ 
i-ffiijl ~~ ~-:: - -o:i ' f·-___,:'£:~~1------!---t,1j~l--- ; t _____ , __ ---+-----r-----+-.. ----~~--~~--~ 

, .. 2.1< I 
a.: o.: O] D.332 · 
a.: O] n.s111 
o.: O,a:2: 0] 

1.81! 

I a.: l.D2 O.JI 

~~ -- ... ~r--~~-~~-.. -~~~ .. --+----~-r-----!----<,,~ __ ;~----1:--.,~~~---'J--.. ·-~------+,-----~----+-----!------!-----~-.... -·--
:SEIIIVQLo\TLES WB270C PYRENE 2! 210 25.1 34.• 
iVC AlllES ISW8260a 0.25 , ~C iNC IMl 
jVOIATli.ES ISW11201JB ,,_, O.Jo! 0~, 0. OJi03 . INO 0.1125 O.B18 •ND [NJ 

'OIATLES ISWl12111B METiffi.ETMYL KE!DNE 'C911 7098 INQ INC :ND !ND 
VOIATIL£S ISW82608 MElli'! 4.7 '·'" 4.: [NO I~D 'NO {N: NO :ND 
'OIATILES ISWB2I!OB 14(1 140 1.18 21.1 23.1 Jo!.! 49. 

!VOIAT<.ES jSW82ti08 TEl 0.1111 [ND ND •ND ND 
!AT ISW8250B 56( J.~ 560 NO 1.99 2.2 ' 1.21 226 ~.64 

!AT ISVI82608 Olctt.ORDETHENE 11X INC :ND 'N~ IND :~D ND 

P.ap•af10 



T~1 
Anoly!M o.IK'.-.1 In orcu..-r 
~ 2010 through Sepl8mber 2.011 
S-U189 
Fort Canlon, Colo.-

lacati011 Codo 
SamDIINo. 

I 12..Ja,...1D !1-r-!111'10 --n;Jun-10 22·Stp·~O l 22-Dtc-11 24-JUII·11 21·Sep-11 
1 COWS 1 CGW$ Sa !lillie Pu,..,.,.. REG REG EG REG REG REG REG 

1-l --::E0~:-.,-:1 G:--raup-+= METH=-OD+.I P,-----atam--,--mr---~-+--,U,...,n. ita ,...-l (AG) !Pl f---;RB.;;:rC%:~PAL:~Bffit-~-;;RHUll:=.;~IQUaf:::;l-j----,RQuiidrn[~=.-l-t---;Rdtii~!Qb-uai-+-=:'Resu~r.:Q~ual-t-n= Ruu;JII:[Qu;,=..aii ---!-~ RHu~KIQu-:::-af+-;Res~u'l~iQu~al-l 
' POT<NTIAI. lm\' 102. m . :o· ·100A 

~ ~~::: :~:;CIFK ~ITS S:0 5. 

l!TS IEf 

~~n~~~~-ie~1~~-4~~ :~r 
&:.;;:; LAT(SMJ ~ 

\.ENE 

lAT(SIII) 
lAl(SIII) 
~T(SIII) 

~T(SIII) 

INAPHTI\ItENE 

1.113~~~ =1311~· 
~ -:-,swti270C 

iSVW\270C 
ISW8270C 
IS'/1!1270C 

i.All.ES ISW6270C 
t.Ali.ES ISWI270C 
lATI.ES lSYmlll 

ICHRYSENE 

~ENE 

~~::-
ISI'Ia210C 

~· 
,ru 

IPHEIU\NTHRENEo 
'IRE~E 

I 
,Z..O!Cit.OROEnw!E 

ONDISUI.RDE 

E(MIBK: 

2.' 2. 
25.l 25. 

421 5l 42( 

21 01 31 2101 
0.~ •• 0291 0~ 
0.0041 0.002!1!! 0.000 
0~ O.:l295 ~ 

O.oD48 ll.29i 0.0001 

O.oD48 O.OC29! 0.0041 
210 2l!l 
210 28C 

O.OIMB• :tta D.OOI! 
1.0 1« 

-211 211 

2.' 2. 

42( 52 421 

2101 34 2101 
0.004! 0.0215 O.DDO.! 
0.004! 0.00215 0.1l04.!1 
o.004! o.mgs O.ll04.!l 

0. 

0. 

0.0 

c. 
2.! 

o.oo: 

2." 

12B 

4211 52 1 - -~ · -· :-- :----~---+---4.~ 
2~ 31 21011 

0.11041 CJ:2II5 0.11l41 
0.1l041 llllC295 0.1l04.!1 
0.0041 0.135 0.1l04.!1 

0.1 0. 01 

0. 0.002 OJ 

0. 0.02 0.( 
14: 

m 211 

0.31 0.6~ 0.31 
C.s:l 0.5: 

U l 

ltl 
700 

95! 
10 10781 

2101 

101111 10111 
•. 1.!111 
1« 141 

0.106 
56( 

101 

Cl 0.02; 
1DOOC 

IND 
IND 

IND 
IND 

INO 
IND 

1.41 

2M. 
1NC 

INO 

INO 

IND 
IMI 
iNO 
IND 

JNO 
JND 
INO 

IND 
jND 
IND 
IND 
IND 

O.ll&l 

IND 

IND 
IND 

INO 
!NO 
INO 
INO 
INO 
INO 
INO 
l·'«l 

o; 

INO 

I!ID 
INO 
INO 

!NO 
NO 

IND 

INO 

u.s 



Table 1 
Analy(H Cetec!MIIn ~ 
January 21110thrCK:gh Sep&.mber21111 
SWKJ16t 
Fort CtL"SSff, Coloradcl 

l..ocllion COlle 1206MW10 120&MW11 1206MW10 12C6111W1G 12DWW1G 12HMWIO ~206M"IY'IO 1206!1M':O 1206MW1D 1206MW1D 

Simple llo. 
; Sample Date 12-J 1n·IO 14-Jar.-10 i-Mar-11 9-filar-10 2:z..Jun·1D 22-8epo10 22-Dec-13 16-Mar-~ ~ 23-J• m·11 21· 11>"11 

1-:r::rn-:::tt= • Grou=-p+-M=ETH=-oo+.P=aram=eter=------ --1--;u=nltl-i = ~~si-... RB;;;r5c1m::::~le;;;P1 A Pl.l;;:rLrpose;;;;t-BG--= Res:'iu 
111:: :;;,~~ •• ;-+-=Rasu~ 11111~g.~.,__,r--:~:;:-:-:'~:;;;.Qu~Gal,--+--= Rn.,.:;;r.u RftE'QG'='u.,-+-=Resu~ REft:QIIG~.,--!1---:Ra:;:-:-:'su::TII~~ual=-+--= RH:=:,RE;r.:IQG'='uai-+-=Rils,7.i:: Rl~g~ual----:r-:RI=su=::in~~~!,---t--= Res...;::;:u'~;.:-,.ual---1 
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TM' [m5/Cm S.S7' 8.421 0. I. I 8.153 

E150. IPH !PH UNITS 1.61 
o;ro .. 13.0 '4.11 19. 15. 14.12 

E110.' VRII!DITY 261. 24' ·' 3.3 
EJI!Il. IDISSOLVEDOXYGEN 

11-METIM _., 
<5.: 25; ND 

IACE.'Wii !HEliE _4lll 02 4<0 ND ·- · 
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ISW11260B 

2JII 
211< 

0.0048 OJl296 0.0041 
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·-·-1- - ·- ·- ·- ·-·. 
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~~ ~-~~~~:1~~--t-----t-----t-----~--~~--_, ____ _, ____ -1-----1-----t-----+-----+-----+-----r-----r-----r----~----~----~·s""~--~--__, 

0.2i5 0.004.! 
0,004! Ul5 0.004.! 

_11._004! 0.00295 0.004.! 
28< !I 2llli 
2!1 41 211< 

0.1104! 0.£295 O.OIM8 
141 101J 

210 23 

25~ 25.: 
.40ftl 
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Table1 
Analytes Detected In Groun<hrater 
Janllllry 2010 through Septamber 2011 
SWMU119 
Fort Carson, Color..to 

IIIIIW~~...,......,.ri/NFfwtCMar.:~m.~ 

GttJ~--~--Ifllad ... UIOdll!dprrledac:liMilirll 

1-"'1-.......... 
B**"lfi>Ot.llllr.N~il:~hiiii4Md!lll«. 

IIG~MNt•b~ 

~CAG;~Ctlctldb~StudMf~. 

CGWS~dMI:W~G~Sia1IJatd~}. 

JrllmltltdniMctflt•lll&f'twupcUM~y~·:M ~ltnUWed. 

,..r..dlnclfatllliii!P-'WQ/*Mr. NO--
IW.IU::IIINptOjld~ld. 

Q dlnafNtal~--tJI'III!In.,.wyt:IJd/dcdftl'lfid. 0..---· REO._.,.-. 
UdtnthfNit~llt~~-Ma)ZIIdlir,tul!d~abMIIhMIDD&W~b\. 

Vtldtfm ............ no. ~ttdcn. 8I'ICIII'IP{Ms mtiU ... pmntl~i;.4Jpn* c. 
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